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In a previous communication (Reid, 1946) it was shown that the well-known 
muscle-stimulating activity of serum or platelet extracts is not due to histamine. 
In the course of that investigation it was necessary to compare the effect of various 
preparations with that of histamine on a number of different kinds of test object. 
It is known that histamine liberates adrenaline from the suprarenal gland and 
this property has been used as a confirmatory test for the assay of histamine in 
tissue extracts (Feldberg and O’Connor, 1937). I found, when I injected cat 
serum (which on other grounds had been shown to contain little or no histamine) 
intra-arterially into the suprarenal glands of the cat that it, also, caused what 
appeared to be an output of adrenaline; and so for the time being, I laid that 


observation aside and made no more experiments with that particular type of 
preparation. 

This paper reports experiments on the action of serum and extracts of blood 
on the suprarenal gland. 


METHODS. 


Experiments were made on thirty-eight cats, with two confirmatory experiments on dogs. 
After preliminary ether anaesthesia the animals were given an intravenous injection of 
chloralose or, in the case of one cat, decapitated. The vagus nerves were divided, and usually 
the animal was artificially ventilated. Intra-arterial injections into the suprarenal gland were 
made by the method of Feldberg and Minz (1931). Essentially, this consists of evisceration, 
tying the renal arteries and the aorta below their origin and inserting a metal cannula into 
the cut stump of either the coeliac or superior mesenteric artery. Injections up to 1-0 mil. 
volume were made through this cannula; intravenous injections were given through the external 
jugular vein. Sometimes the splanchnic nerves were divided and in some experiments injec- 
tions were repeated after excision of the suprarenal glands. The blood pressure was recorded 
from the left common carotid artery by means of a mercury manometer, the cannula being 
filled with saturated sodium sulphate solution, and sometimes, in addition, the response of the 
right nictitating membrane of a cat whose right superior cervical ganglion had been removed 
some two weeks before the final experiment, was recorded with a 6:1 magnification. In 
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another experiment, two animals were set up simultaneously, the caval blood from each being 
conveyed to an external jugular vein of the other, coagulation being prevented by means of 
heparin. In order to ensure an adequate flow of blood from one animal to the other the 
renal vessels were not tied off. 

Serum was prepared exclusively from the cat, usually from the same animal into which 
it was subsequently to be injected. The blood was removed under ether anaesthesia from a 
carotid artery; but to exclude the possibility that ether is concerned in the liberation of the 
active substance, some animals were stunned before bleeding. Filtrates of the serum were 
prepared as described previously (Reid, 1946). Samples of heparinized plasma were used as 
controls. For making extracts of the formed elements it was found more convenient to use 
horse blood, coagulation being prevented by means of oxalate or citrate. The cellular deposit 
thrown down by the centrifugation of gravity plasma, or various fractions of that layer 
separated by differential centrifugation were extracted in one of the following ways: (a) by 
grinding it with sand, boiling for a few minutes in normal saline and removing the particulate 
matter by filtration; (b) by grinding it with sand and saline, precipitating the proteins by 
adding an equal volume of 20 p.c. trichloracetic acid, filtration, extraction of the acid from the 
filtrate by ether, and finally removal of the ether by drawing air through the filtrate by means 
of a pump; (c) by preparation as described under (a) or (b) and ultrafiltration of the 
extract by a modification of the method of Aitken and Kay (1927). 

Besides injecting extracts into the cat some of them were tested on the uterus of the 
virgin rat and the ox carotid artery strip suspended in an isolated organ bath. In some 
experiments adenyl compounds in the extracts were estimated by the method of Drury, 
Lutwak-Mann and Solandt (1938), using the auricle of the atropinized guinea-pig. Histamine 
was extracted by the method of Barsoum and Gaddum (1935) and estimated on the guinea-pig 
ileum and on the blood pressure of the cat under chloralose anaesthesia. Potassium was 
estimated by the method of Kramer and Tisdall (1921). 


RESULTS. 
1. THe Action or Cat SERUM ON THE SUPRARENAL GLANDS OF THE Cart. 


Homologous or autologous serum in amounts ranging from 0-1 to 1-0 ml. 
was injected into the suprarenal glands of twenty-three cats, through the cut 
stump of the coeliac or superior mesenteric artery. In fourteen of these animals 
this was followed by a rise of blood pressure ranging from 15 to 110 mm. of 
mercury after a latency of 10 to 50 seconds. The rise of blood pressure was 
associated with an increase in frequency of the heart beat. In four of the animals 
the blood pressure rose less than 15 mm. and this was not regarded as significant. 
In the remainder no evidence of adrenaline liberation could be found, although 
serum which had been ineffective in one animal might cause a rise of blood 
pressure with cardiac acceleration when injected intra-arterially into a second cat. 
When animals showed no response to the injection of serum it was shown that 
the absence of response was unlikely to be due to insensitivity to adrenaline or 
to lack of adrenaline in the suprarenal gland. This was shown by extracting 
the gland at the conclusion of the experiment and estimating its adrenaline 
content ; the amount of adrenaline necessary to cause a rise of blood pressure was 
of the order of 1/100 to 1/1,000 of the adrenaline content of the gland. Also 
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other active agents such as acetylcholine were able to liberate adrenaline and 
give a pressor response when injected intra-arterially. 

Heparinized plasma was without activity. However, when it was separated 
from the bulk of the cells by gravity only, it acquired some activity within an hour 
or two of preparation. The appearance of the active substance in serum did not 
depend on the use of ether as an anaesthetic agent, for it was present in the serum 
of a cat bled after stunning. 

In four experiments the effect of serum decreased after the first injection 
and had reached a steady level after two or three had been given. Such an 
experiment is the one illustrated in Fig. 1. This tachyphylaxis took place only 
when serum was used; it never occurred when filtrates of serum or when various 
blood extracts were injected (see later Figures). 


Fig. 1. Fig. 2. 


Fig. 1. Arterial blood pressure of an eviscerated atropinized cat under chloralose 
anaesthesia. Injections were made into the coeliac artery except at S’BA where 1-0 ml. of 
cat serum was injected into the brachial artery and at the hatched area where 6-0 mg. of 
thymoxyethyldiethylamine were injected intravenously. Saline was injected at C, 5-Oug. 
of histamine at H, 0-5 and 1-0 mil. respectively of serum at S and S’, and 1-0 ee. of a 
filtrate of serum at F. Time in minutes, details in text. 


Fig. 2. Arterial blood pressure of an eviscerated cat. The letters L.A. and I.V. denote 
whether injections were made intra-arterially or intravenously and the figures denote 
micrograms. A trichloracetic acid extract of leucocytes and platelets was injected at E, 
potassium ions at K, histamine at H, and benadryl at B. For other details see text. 
Time in minutes. 


The active substance is present in the filtrate formed when serum is brought 
to the boil, acidulated with normal HCl, filtered and neutralized with NaOH; 
it is present after the proteins have been precipitated with trichloracetic 
acid. Difficulty was experienced in showing its presence in ultrafiltrates, and 
this recalls the difficulties which so many people have had in ultrafiltration of the 
muscle-stimulating substance of serum and the conflicting reports which have 
been published on that matter (Janeway et al., 1918). Active ultrafiltrates were 
obtained, but they were less active than the sera from which they were made 
even when tachyphylaxis to the latter had already taken place. Now, it so 
happens, that the concentration of active substance in the serum is at a critical 
level—as already indicated, about nine out of twenty-three animals did not 
respond significantly to it—so that when the concentration was further reduced 
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by ultrafiltration its presence became difficult to detect, except when very sensitive 
preparations happened to be available. However, it is interesting and important 
to note that the relative activity of serum and ultrafiltrate on the cat’s suprarenal 
gland closely parallelled their activity relative to each other when tested on the 
guinea-pig intestine. 

With the doses of serum which were used for the injections, the Brodie 
phenomenon was negligible and in any case was excluded by the use of the boiled 
or trichloracetic acid filtrates. The injection of serum intra-arterially into the 
brachial artery was without effect. The intra-arterial injection into the supra- 
renal gland was still effective when the splanchnic nerves were divided, when the 
animal was decapitated, and when the whole of the central nervous system had been 
destroyed by pithing. Removal of the suprarenal glands abolished the response. 


Fig. 3. Saline is denoted by S, adenosine by A, adenylic acid by A.mp., 
adrenaline by Ad, histamine by H, a boiled extract of horse platelets by Eb, its 
ultrafiltrate by F, and the unqualified figures following these symbols denote 
micrograms. Section I shows the record of the auricle of the atropinized guinea-pig 
(time in half minutes). Section II shows the blood pressure of an eviscerated cat. 
Injections were made intra-arterially. Section III shows the blood pressure of a 
second eviscerated cat. Injections were made intra-arterially and at the arrows the 
cannula was washed with saline. Time in minutes, other details in text. 
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Fig. 1 shows the effect of intra-arterial injections in a cat under chloralose anaesthesia, 
to which 2-0 mg. of atropine sulphate had been given intravenously. At C, 0-5 ml. of normal 
saline was injected into the cut stump of the coeliac artery. At S’ca, 0-5 ml. of serum from 
the same cat, and at H 1-0ug. of histamine phosphate were likewise injected This particular 
animal did not respond to histamine injected into the arterial supply of the suprarenal gland 
by a liberation of adrenaline. At F, 1-0 ml. of a filtrate of serum prepared by boiling and 
corresponding approximately to 0-75 ml. of the original serum was also injected into the 
coeliac artery. Two more injections (not shown) of serum were injected into the coeliac 
artery, the preparation becoming much less sensitive so that it required 1-0 ml. of serum to 
produce the responses seen at S’ca. An injection of serum into the brachial artery at S’Ba 
was without effect. This experiment also shows that the response to serum is not antagonized 
by the intravenous injection at the hatched area of 6-0 mg. of thymoxyethyldiethylamine, in 
contrast to the effect of this drug on the depressor effect of histamine. It is to be noted also 
that a ‘‘hesitation’’ on the ascending limb of the blood pressure record following the first 
serum injection is replaced by a notch in that following the last two. This is not due to the 
depressor action of the injected serum for it did not occur when injected into the brachial 
artery. Later experiments indicate that the notch occurring with this particular time relation- 
ship, is due to the vasodepressor component of the liberated adrenaline. For example, the 
same kind of appearance followed stimulation of the splanchnic nerve in the eviscerated 
animal. Sometimes, to be sure, the serum (or filtrate) had a vasodepressor action of its own, 
but when this was so, the notching began within a few seconds of the injection and was 
exaggerated when this was given intravenously (see Fig 3). 


The Activity of Serum in Relation to Histamine, Adenyl Compounds, Tyramine, 
and Potassium Ions. 


i. Histamine. The experiment described above indicates that the active substance is not 
histamine. So far as cat serum is concerned this was abundantly confirmed along the following 
main lines. Firstly, tests on the guinea-pig ileum indicated that the histamine content of cat 
serum was negligible compared with that required to liberate adrenaline from the suprarenal 
gland. Secondly, as in the above experiment, some preparations were insensitive to the 
adrenaline-liberating action of histamine but sensitive to serum or filtrates. Thirdly, both 
benadryl and thymoxyethyldiethylamine antagonized the pressor effect of histamine injected 
intra-arterially but did not appreciably affect the response to serum. Fourthly, the activity 
of serum was not destroyed by incubation with histaminase. 

ii, Adenyl compounds, Neither adenosine nor adenylic acid in concentrations as great 
as 1-0 mg. per ml. caused the liberation of adrenaline from the suprarenal gland in doses up 
to 1-0 ml. No sample of serum contained more than 10g. per ml, 


iii. Potassium ions. That potassium ions, liberated through cellular damage during the 
preparation of serum, were not responsible for the activity, was shown in the following ways. 
The effect of serum or filtrates of serum was matched against that of equivalent volumes of 
Ringer’s solution containing known amounts of potassium ions. For example, in one such 
experiment, the effect on the suprarenal gland of 0°5 ml. of serum was greater than that of a 
solution of similar volume, containing 100 mg. p.c. of potassium ion. Chemically this sample 
was shown to contain only 18 mg. per cent of potassium ion—i.e., the same as blood plasma. 
It was also shown that serum or filtrates charred in a crucible and reconstituted in distilled 
water had lost all activity, again indicating that potassium ions were not responsible. 

iv. Tyramine. Tyramine injected intra-arterially in doses up to 1-0 mg. did not liberate 
adrenaline from the suprarenal glands. The pressor response was regularly greater when 
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tyramine was given intravenously. One may note in passing that tyramine in doses ranging 
from 0:1 to 10 mg. was without action on the uterus of the virgin rat. Its action on the 
guinea-pig ileum was irregular; for example in one experiment, 2-0 mg. had, on one prepara- 
tion, an effect varying from insignificance to a contraction equal in magnitude to that with 0-5 
ml. of serum. On the other hand pressor responses were given on intravenous injection by as 
little as 0-04 mg., while serum was ineffective. These facts strongly indicate that neither the 
muscle-stimulating nor the adrenaline-liberating substance is tyramine. 


2. EXPERIMENTS WITH EXTRACTS OF THE ‘‘ Wuits CELLS’’ OF THE BLOOD. 


It was indicated above that the level of active substances in serum was rather 
critical, somewhat more than one in three animals giving little or no response to 
it. Therefore, so that more regular results might be obtained in the investigation 
of further aspects of this activity, extracts of the formed elements were made to 
obtain the active substance in a higher concentration, and in addition, to explore 
its source. 


Fig. 4. Blood pressure of an eviscerated atropinized cat. All injections were 
made into the superior mesenteric artery—a boiled extract of horse platelets at Eb 
and acetylcholine at Ac,—the figures denoting micrograms. After the second 
panel d-tubocurarine, and after the third panel eserine sulphate were injected 
intravenously. Time in minutes, details in text. 


Extracts of the sediment, consisting mainly of the leucocytes and platelets 
thrown down by centrifugation of plasma removed from horse blood which had 
been allowed to settle by gravity, were prepared in the way described under 
‘*Methods.’’ Such extracts were intra-arterially injected in doses ranging from 
0-05 to 0-5 ml. and regularly, in fourteen cats, caused a rise of arterial pressure, 
equal to or greater than 30 mm. of mercury, with cardiac acceleration. Twenty 
millilitres of such extracts corresponded approximately to 500 ml. of gravity 
plasma. Sometimes the rise of pressure was preceded by fall, the appearance 
resembling that usually caused by an intra-arterial injection of histamine (see 
Fig. 3). Sometimes there was little or no initial depressor effect (see Figs. 2, 4, 
and 5). Intravenous injection was without action or an exaggerated depressor 
effect was produced. 
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The activity was demonstrable both with the extracts made by boiling in 
saline and those prepared by extraction with trichloracetie acid. Ultrafiltrates 
of these active extracts also gave typical responses no less in magnitude than those 
caused by the original extracts. One suspects, in view of the results described 
above for serum itself, that 
the active substance may be 
bound to protein and only 
fully ultrafiltrable when 
the latter has been sepa- 
rated by one means or an- 
other. 


The Activity of Extracts 
with Reference to Hista- 
mine, Potassium and 
Adenyl Compounds. 


It does not follow that we 
are dealing, in these ex- 
tracts, with the same sub- 
stance as is present in 
serum. We may, for 
example, have extracted 
from the cells another sub- 


Fig. 5. Blood pressure of eviscerated cat. At Fy stance with a similar pro- 
F., and FP; were injected 0-4 ml. of the extracts o 
three different fractions of the buffy coat of horse perty. A possible pitfall 
blood. At H, 2-0 or 5-Ovg. of histamine were injected. may be of this kind: the 
All injections were made into the coeliae artery. Be- . . 
tween the upper and lower parts of the Figure 3-0 mg. extracts — be rich in 
of benadryl were injected intravenously. Time in either histamine or potas- 


minutes, details in text. sium ions, which are known 

to have a stimulant action 
on the suprarenal glands (Feldberg and O’Connor, 1937; Katz and Katz, 1937) ; 
so that whereas, as shown above, the activity of serum is due to neither of these 
substances, it may turn out that the active substance of the extracts is simply 
histamine or potassium ions (or both) and the source of the serum’s activity is to be 
sought elsewhere. It was necessary, therefore, to redetermine that the activity 
of the extracts was due to neither of these two substances. Furthermore, it is 
possible, for example, that it could be shown in one cat that the effect was not due 
to histamine and in another that it was not due to potassium ions. Both may have 
been present in significant quantities, but the first animal may have been particu- 
larly insensitive to histamine and responding to the potassium ions, while the 
second, particularly sensitive to histamine, may have been responding mainly to 
this substance. Such an error was rendered improbable by making a large number 
of observations, but the additional precaution was taken of performing a number 
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of experiments, which in one and the same animal it was shown that neither 
histamine or potassium was responsible. 


Such an experiment is illustrated in Fig. 2. This shows the effect of injecting 0-25 ml. 
of a trichloracetic acid extract of the buffy coat of horse blood at E, the letters I.A. and I.V. 
indicating respectively whether injections were made intra-arterially or intravenously. Intra- 
venously, a depressor effect only, was observed. At K 0-25 ml. of a solution containing 150 
mg. p.c. of potassium ions was injected intra-arterially; it is clear that in terms of potassium 
the extract must contain more than 150 mg. per 100 ml. On the other hand chemical estima- 
tion showed the extract to contain only 38 mg. p.c. of potassium. It is shown also that the 
effect cannot be attributable to histamine. At H, 4-Oug. of histamine were injected intra- 
venously and at B 1-0 mg. of benadryl was also given intravenously. After this it can be 
seen that whereas the response to histamine is greatly reduced, the response to the extract is 
maintained undiminished. 

A similar experiment is illustrated in Fig. 3. The first panel shows the response of the 
auricle of the atropinized guinea-pig to injections of saline at S, adenosine at A, a boiled 
saline extract at Eb and an ultrafiltrate of it at F; the figures refer to micrograms. It can 
be seen that both the extract and its ultrafiltrate contain the equivalent of less than 10ug. of 
adenosine per 0-1 ml. The second panel indicates that adenyl compounds cannot be responsible 
for the liberation of adrenaline for 100g. in 0-2 ml. of either adenosine at A or adenylic acid 
at A m.p. are without significant effect. It should be noted that in this animal (as in the 
previous experiment) there was no initial depressor effect. On the other hand, 0-2 ml. of the 
very same extract and its ultrafiltrate injected into another animal as shown in the third 
panel caused an initial depressor effect. This initial depressor response is not due to the 
vasodilator action of liberated adrenaline because an injection of 2ug. of adrenaline hydro- 
chloride into the coeliac artery at Ad. gave a pressor response only. Part of the initial 
depressor effect may be due to histamine for this particular extract contained about 5-Oug. 
per ml. but since this animal (like the one in Fig. 1) responded to 2-Oxug. of histamine intra- 
arterially injected into the suprarenals with a fall only, in blood pressure, it is unlikely that 
the pressor effect of the extract is due to histamine. Moreover, between the first two sections 
of the lower panel 3 mg. of benadryl were injected intravenously which almost abolished the 
response to 2ug. of histamine at H and reduced only slight!y the response to the ultrafiltrate 
at F. It should be noted also that the initial depressor effect of 0-2 ml. of ultrafiltrate 
though less in magnitude than the depressor effect of the 2-Oug. of histamine was not reduced 
to the same degree as the latter. In this experiment, potassium ions were excluded as con- 
tributing to the pressor effect by heating the ultrafiltrate to dryness in a crucible and recon- 
stituting the residue with distilled water which when injected at F, was without effect. 

It was also shown that incubation of extracts with histaminase did not destroy their 
activity. 


The Influence of Curare and Eserine on the-Response. 


This is illustrated by the experiment shown in Fig. 4, giving the blood pressure of a cat 
prepared in the usual way, and to which 1-0 mg. per kg. of atropine sulphate had been 
administered. At Eb 0-4 ml. of a boiled saline extract was injected into the superior 
mesenteric artery and at Ae acetylcholine was likewise injected, the figures representing 
micrograms. After the second panel sufficient d-tubocurarine was injected intravenously so 
that the muscles of the forelimb gave almost no response to nerve stimulation with continuous 
faradic shocks from an induction coil. It can be seen that the response to acetylcholine is 
greatly reduced, in contrast to the response to the extract. After the third panel 1-5 mg. of 
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eserine sulphate was injected intravenously; after this the response to acetylehcline was 
potentiated while the response to the extract was almost unchanged. 

This experiment indicates that the active substance is not a choline ester; 
it also shows that it does not act on the preganglionic fibres to the suprarenal gland. 


Relation of Activity to the Muscle-Stimulating Substance in Serum. 

None of the evidence which I have obtained points to the fact that the 
substance in serum or extracts, whose effects have just been described, is different 
from the one with the property of stimulating smooth muscle. Both substances E 
(if they be in fact two) came from the same fraction of the buffy coat, and pro- if 
cedures such as boiling for 30 minutes or ultrafiltrations (serum only) which 
diminish the activity of one, diminish proportionately the activity of the other. 


By differential centrifugation of horse plasma, the sediment could be obtained in three 
or more fractions, the first rich in leucocytes and containing relatively few platelets and the 
last containing few leucocytes and very rich in platelets. Fig. 5 illustrates the effect of intra- 
arterial injections into the coeliac artery of the cat of three such fractions: Fy, Fo, and F3; 
the first, F,;, contained most of the leucocytes and the last, F3, was almost free from them but 
was rich in platelets. It can be seen that the activity increases from the first to the third 
fraction, indicating very strongly that the platelets and not the leucocytes are the source of 
the active material. Once again it is shown that the active substance is not histamine. 
Between the upper and lower portions of the Figure 3-0 mg. of benadryl were injected intra- 
venously. Responses to the three fractions remained of the same absolute and relative order of 
magnitude while histamine which in the upper part of the Figure gave a good pressor response 
with a dose of 2ug. had no pressor action with a dose of 5ug. 


Fig. 6. Responses of the horn of the isolated uterus of the virgin rat. The 
same fractions as those used in Fig. 5 were injected in doses of 0-5 ml. Details 
in text. 


The relative size of the responses given by these three fractions should be 
compared with the responses given by the uterus of the virgin rat to the same 
fractions. This preparation is insensitive to, or (in large doses) relaxed by 
histamine. Fig. 6 shows the response of one horn of the rat uterus suspended 
in an isolated organ bath, at F,, Fo, and F; 0-5 ml. of the three fractions were 
injected. Also, when the three fractions were tested on the isolated strip of 
ox carotid artery, the same relative degrees of activity were to be found. 
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3. Evmence THAT THE PressOR ReEsPoNsE 1s Due To THE LIBERATION OF 
ADRENALINE. 


So far it has been accepted that the pressor response, which occurs when sera 
or platelet extracts are injected into the coeliac or superior mesenteric arteries of 
the eviscerated animal, is due to the liberation of adrenaline. The initial reason 
for regarding this as so, lay in the general resemblance of the pressor response to 
that caused by other agents which are known to liberate adrenaline from the 
suprarenal gland—agents such as acetylcholine, histamine, potassium ions, 
nicotine, and certain bacterial 
toxins—and to the fact that the 
rise in pressure is associated with 
eardiae acceleration. It was 
shown, also, during the course of 
the experiments described above 
that the effects depended on the 
presence of the suprarenal 
glands, being absent after their 
removal. Moreover, the pre- 
sence of the suprarenals is not 
important simply as an essential 
part of a reflex are either on the 
efferent or afferent side, since the 
responses depend on the integrity 
of neither the splanchnic nerves 


Fig. 7. Cross-circulation experiments with two nor the spinal cord. 


eviscerated cats. In the first panel injections of More direct evidence that we 
extracts were made into cat ‘‘A’’ and in the 
second panel into cat ‘‘B’’. Time in minutes, are dealing with the liberation of 


details in text. a humoral agent comes from the 
results of a  cross-circulation 
experiment. Such an experiment is illustrated in Fig. 7. 


Two cats, designated ‘‘A’’ and ‘‘B’’ were eviscerated in the usual way and the aorta 
ligated below the renal arteries. The inferior vena cava of each cat was ligated below the 
renal vessels and above the entrance of the right suprarenal vein. The blood from this caval 
pocket was conducted by delivery tubing to a reservoir communicating with the external 
jugular vein of the other animal. The renal vessels were left intact in order to ensure a 
reasonable flow of blood from one animal to another. This made it necessary to use larger 
doses and possibly was responsible for the increased sensitivity of these animals to the 
depressor effect. At Et 0°5 ml. of a trichloracctie acid extract was injected into the superior 
mesenteric artery of cat ‘‘A’’. This caused a depressor effect only in the donor, followed in 
one minute fifteen seconds by a rise of pressure in animal ‘‘B’’—the recipient, the rise being 
interrupted by a depressor effect. An injection of 1-0 ml. of a boiled saline extract at Eb 
had a similar action—a depressor effect in the donor and a pressor response in the recipient. 
In the second panel animal ‘‘A’’ has now become the recipient and ‘‘B’’ the donor. On 
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injecting 1-0 ml. of the boiled extract into animal ‘‘B’’ there was a depressor effect only, 
but the original donor—-animal ‘‘A’’—showed a marked pressor response. Associated with 
the depressor effect in the donor the blood flow from it to the recipient showed an initial 
increase; however, the pressor response is not due to the increased venous return so produced 
because of the relative time relationship of the two, the increased outflow having returned to 
approximately normal before the beginning of the pressor effect. 

Further evidence that the agent liberated from the suprarenal glands is adrenaline is 
provided by the observation that ngt only does it give a rise in blood pressure and increase 
the frequency of the heart, but in addition it causes contraction of the denervated nictitating 
membrane. Fig 8 shows the response of the right nictitating membrane and the arterial 


Fig. 8. Response of the right denervated nictitating membrane (upper record) 
and the arterial blood pressure (lower record) of an eviscerated cat. Injections 
were given intravenously or as indicated by the letters I.A. and I.V. Time in 
minutes, details in text. 


blood pressure of a cat under chloralose anaesthesia eviscerated and set up in the usual way. 
Fourteen days prior to this experiment the right superior cervical ganglion had been removed 
with aseptic precautions. At Eb 0-4 ml. of a boiled saline extract of blood platelets was 
injected either intravenously or intra-arterially, as indicated. It can be seen that the response 
of the membrane to extract intra-arterially injected is somewhat less than that due to 4-Oyg. 
of adrenaline. That this is not due to the direct action of the active substance is indicated 
by the very much smaller response occurring when the extract was given intravenously. Part 
of the response resulting from the intravenous injection may be due to a direct action, for as 
Zucker (1944) has shown, the muscle stimulating substance of platelet extracts does contract 
the nictitating membrane. 

The latter part of this tracing shows the effect of yohimbine on the responses. This agent 
did not give clear-cut results so far as obtaining confirmatory evidence of adrenaline liberation 
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is concerned. An intravenous injection of 1-0 mg. per kilogram of yohimbine hydrochloride 
at Y gave a clear-cut reversal of the effect of 4:Oug. of adrenaline as can be seen by the 
Figure and greatly reduced the response of the nictitating membrane. For a comparable 
pressor effect caused by the extract, the reversal though present was much less marked. 
Evidence from other experiments suggests that yohimbine antagonizes the action of the 
extract and splanchnic stimulation in the gland itself. 


4. OTHER SPECIES. - 


Two experiments were made on dogs, eviscerated and set up in the manner 
described for the cats. In one experiment the intra-arterial injection of dog 
serum produced no response in a dose of 2-0 ml. and a slight pressor response in 
a dose of 5-0 ml. In the other experiment 0-5 ml. of a platelet extract from 
horse blood caused the typical response described for the cat. 


DISCUSSION. 


Evidence has been presented to show that serum and extracts of that fraction 
of the buffy coat richest in platelets contain a substance which stimulates the 
suprarenal medulla of the cat and dog. Furthermore, this substance, which is 
diffusible and relatively heat-stable, is different from the better recognized sub- 
stances which have been identified in tissue extracts ; it is clearly neither histamine 
nor potassium, which do have a similar action, and it is very unlikely to be a 
choline ester. As for adenyl compounds or tyramine, they do not possess this 
action. So far there is no evidence to separate this substance from the one which 
stimulates smooth muscle and arterial strips. They each arise from the platelet 
fraction, and different concentrations as present in different fractions have the 
same relative potencies on the cat’s suprarenal on the one hand, and the uterus 
of the virgin rat and ox carotid artery on the other. Filtration of serum (but not 
of extracts) through cellophane gives an ultrafiltrate less active than the original 
serum, and such filtrates have the same relative action on the cat’s suprarenal 
gland and the guinea-pig intestine. 

So far as serum (as distinct from extracts or filtrates) is concerned, the issue 
is occasionally complicated by the occurrence of some degree of tachyphylaxis. 
This suggests that serum may sometimes contain yet another substance, possibly 
protein in nature, possessing the same action but which decreases with successive 
injections. Since the effect occurred with serum from the same cat as the one into 
which it was subsequently to be injected, the active protein is probably produced 
in the clotting process and absent from heparinized plasma which is found to be 
inactive. That various proteins, including some in the cat’s own serum, have 
pharmacological actions elsewhere in the cat is very well known. Cat serum and 
foreign protein cause pulmonary vascular constriction with reflex cardiac inhibi- 
tion and respiratory disturbances (Brodie, 1900; Ponder, 1928; Reid and Bick, 
1942; and Gilding and Nutt, 1944). The latter observers also described reflex 
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intestinal and bladder movements, and changes in the leucocyte count. Although 
this paper is not mainly concerned with the effect of such substances, in view of 
a recent paper by Gilding and Nutt (1944), it appears worth pointing out that 
there probably are a number of such substances, both in and apart from serum. 
For instance, Brodie in 1900 found that egg albumin as well as protein in serum 
caused a fall of blood pressure in the cat. Gilding and Nutt have emphasized 
the presence of a substance in either plasma or serum which develops upon storage, 
but this by no means excludes the possibility of one developing as a result of the 
clotting process, Brodie showed this very clearly and we confirmed it (Reid and 
Bick, 1942) even with serum which had passed through a Seitz filter. However, 
Gilding and Nutt claim to have ‘‘proved’’ (if such ever can be said of scientific 
method) that clotting plays no part; it may perhaps be significant that in not one 
of their Figures do they show a comparison of fresh and stored serum from the 
one animal tested simultaneously. This may be important because of the varia- 
tion in sensitivity from one animal to another. As to whether the platelets have 
anything to do with the appearance in serum of such a protein is another matter. 
Brodie found that the formed elements had to be present during the clotting 
process in order to get the toxic substance. It appeared to us, in 1942, that serum 
was more active when prepared from platelet-rich than when prepared from 
platelet-free plasma and we suspected the platelets as the source of the protein, 
but we may have been misled by the presence of some other depressor substance 
present in such samples and in platelet extracts. 

It should be emphasized, as it was in 1942, that these protein substances have 
got nothing to do with the diffusible substance which stimulates smooth muscle, 
and as this paper shows, liberates adrenaline from the suprarenal gland. So that, 
although Gilding and Nutt cast doubt on the significance of blood platelets with 
respect to a toxic protein in serum, there is on the other hand abundant evidence 
that the platelets are the source of the diffusible, muscle-stimulating substance 
(Zucker and Stewart, 1913; Le Sourd and Pagniez, 1914; Janeway, Richardson 
and Park, 1918; Freund, 1920; Reid and Bick, 1942; Zucker, 1944; and Landis, 
1944), 

Freund (1936) considered that the muscle-stimulating substance of serum 
was tyramine. This paper presents evidence that such is not the case. As pointed 
out in a previous paper (1946), the activity of serum and white cell extracts has 
in the past been confused with histamine. The problem is made difficult by the 
fact that extracts of white cells and the sera of certain animals (e.g., the rabbit) 
do unquestionably contain appreciable quantities of histamine. Although the 
muscle-stimulating substance with which this and previous papers have been 
concerned is clearly not histamine, I have not always been able to distinguish one - 
substance from the other on the guinea-pig intestine treated with benadryl. This i 
should serve as a warning against the use of this (or other histamine antagonists) 
when only the guinea-pig gut is used as a test object. It is easier to say that a 
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substance is not histamine than to say that it is. Other test objects must be used. 
The preparation described in this paper may prove useful, because benadryl 
antagonises the adrenaline-liberating action of histamine without affecting the 
action of the present substance. The rat uterus is also a useful test object because 
it is relaxed by large doses of histamine. 

Code (1937b) was able from the buffy coat of blood, which contained pharma- 
cologically the equivalent of 21 mg. of histamine, to extract and identify chemically 
2-7 mg. of histamine dipicrate; and since the relative magnitude of these two 
figures was closely parallel to the corresponding figures obtained by Best et al. 
(1927) for the extraction of the lung, he considered that all the activity of the 
blood or white cell extracts is due to histamine. This paper presents further 
evidence that such is not the case. It is interesting to note, however, that Code 
(1937a) found the white cells and not the platelets to be the source of histamine. 

The action in the suprarenal gland is on the medullary cells and not on the 
preganglionic fibres as the experiments with curare and eserine indicate. If one 
accepts for sake of argument that the adrenaline-liberating substance is identical 
with the muscle-stimulating one, it raises the interesting question whether the 
stimulating action on muscle may not be due to stimulation of postganglionic 
fibres supplying the tissue, be it artery or intestine. Such a suggestion was, in 
fact, made by Amberson (1937), in view of the action of sympatholytie drugs. 
However, several facts do not support this hypothesis; for example, so far as 
intestine is concerned, the postganglionic fibres stimulated would be cholinergic 
and here the effect of serum or platelet extracts is not antagonized by atropine 
(Reid, 1946). Also as Zucker (1944) has shown, the substance contracts the 
nictitating membrane after the sympathetic fibres to it have degenerated. 


SUMMARY. 


In the serum of the cat and in extracts of the buffy coat of horse blood there 
is a diffusible, relatively heat-stable substance which, when injected into the 
arterial supply of the suprarenal gland of the cat, causes an increase in blood 
pressure and heart frequency and contraction of the denervated nictitating 
membrane. These effects are due to the liberation of adrenaline from the supra- 
renal gland. The active substance acts directly on the cells of the medulla and 
not through the preganglionic fibres. 

The activity cannot be attributable to histamine, potassium, adenyl com- 
pounds, tyramine, or a choline ester. There is no evidence so far to indicate that 
it is a substance other than the muscle-stimulating substance of serum and platelet 
extracts. 
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THE METABOLISM OF ERYTHROCYTES 
I. RESPIRATION IN THE ABSENCE AND PRESENCE OF METHYLENE BLUE. 


by PETER M. NOSSAL! 
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The respiration of erythrocytes has been the object of a great many investiga- 
tions. From these, most of which concluded in the early 1930’s, the following 
facts have emerged : 

Nucleated erythrocytes show a considerable endogenous respiration (Harrop 
and Barron, 1928, and Barron and Harrop, 1928). On the other hand, cells from 
mature mammals have a very small, and in certain cases almost negligible, oxygen 
consumption (Harrop and Barron, 1928, et al.). Red cells from younger animals, 
however, show a stronger respiration. 

Certain dyes, especially methylene blue, in minute concentrations, very 
greatly enhance the oxygen uptakes of mature mammalian erythrocytes in the 
presence of glucose, but have much less or no effect on nucleated and immature 
non-nucleated erythrocytes (Harrop and Barron, 1928; Barron and Harrop, 
1928 ; Barron, 1929; Wendel, 1929; Warburg and Kubowitz, 1930; Michaelis and 
Salomon, 1931). 

Normal erythrocytes from mammals are capable of active glycolysis. The 
steps have been elucidated and found to conform with the generally accepted 
mechanism of phosphorylative glycolysis (Engelhardt and Ljubimova, 1930; Wid- 
mann, 1930; Dische, 1934). More actively respiring red cells (e.g., avian) show 
a much lower glycolytic rate (Barron, 1929). 

In the presence of methylene blue, glucose is actively oxidized by mature 
mammalian red cells (Harrop and Barron, 1928). Lactic acid is rapidly oxidized 
to pyruvic acid (Wendel, 1929, 1930, 1931), the latter not being further utilized 
(Warburg, Kubowitz and Christian, 1930a). 

The Warburg school has interpreted the methylene blue effect as follows 
(Warburg and Kubowitz, 1930; Warburg and Reid, 1931; Warburg, Kubowitz 
and Christian, 1930) : 


M.B. + HbFet++ —> leuco-M.B.+ HbFe+++ (where M.B. is methylene blue, HbFet+ 
haemoglobin and HbFe +++ methaemoglobin). 


glucose oxidation product 
HbFe +++ + { — HbFet+ + { of glucose 
lactie acid pyruvic acid. 


Leuco-M.B.+0. —> M.B. 


1 The initial stages of this work were supported by a grant from the National Health and 
Medical Research Council, 


124 PETER M. NOSSAL 


Thus, the catalytic réle has been placed on methaemoglobin. The theory is 
supported by extensive work with methaemoglobin-containing erythrocytes, proof 
of the formation of intracellular methaemoglobin by M.B., and reduction of intra- 
cellular methaemoglobin by glucose. 

This somewhat ‘‘unphysiological’’ mechanism leaves certain findings 
unexplained, and has been criticised, especially by Wendel (1929, 1930, 1931). 
The latter, working mainly with lactic acid, postulates that M.B. acts as a true 
respiratory agent between substrate and atmospheric oxygen. M.B. activation 
in mature cells represents an equivalent of the respiration which is found in 
immature mammalian and all avian erythrocytes, 

Michaelis and Salomon (1930a) found effects similar to those of M.B. by the 
use of certain tissue extracts. They called the unknown factor ‘‘respiratory 
supplement’’ and showed that it is not identical with Warburg’s respiratory 
enzyme, nor with glutathione, cysteine, cozymase or cytochrome. Physical and 
chemical properties, but no identification, are cited in a second communication 
(Michaelis and Salomon, 1930b). These results support the oxygen-activator 
role ascribed to M.B. by Wendel. 

The only substrates employed in all the quoted works were glucose and lactic 
acid, with one exception: Michaelis and Salomon state, without quoting figures, 
that fructose and sucrose, but not mannite, exert effects in the erythrocyte-M.B. 
system quantitatively equal to those of glucose. The results quoted in this paper 
do not (quantitatively) agree with those of Michaelis and Salomon. 

If it could be shown that the stimulatory effect of M.B. occurs in the presence 
of a variety of physiological substrates, further light would be shed on the 
mechanism of this activation, which has been described as ‘‘a major problem in 
the processes of cellular respiration.’’ 

This work describes the respiration of rabbit erythrocytes in the presence of 
hexoses, pentoses, disaccharides, tricarboxylic acids, dicarboxylic acids and some 
miscellaneous compounds, both in the absence and the presence of M.B. 


METHODS. 


The animals used were Chinchilla rabbits. Blood was withdrawn from a small incision 
in the central ear vessel. It was defibrinated by shaking with glass beads during withdrawal. 
The red cells were separated by centrifugation at 3,000 r.p.m. for 10 minutes, and were then 
washed with a phosphate-saline of the following composition: 1-5 ml. M/2 KH»oPO,, 8-5 ml. 
M/2 NasHPO,, 240 ml. 0-9 p.c. NaCl; pH 7-4. Unless otherwise stated, the cells were 
washed once only, spun down again and then made up to a given volume with the same 
solution. The concentration of cells is expressed as the ‘‘haematocrit,’’ which is the volume 
of red cells per cent. 

Substrates were, if necessary, neutralized first and then made up in the same phosphate- 
saline. The concentrations of these substrate solutions were such that 0-2 ml. solution, when 
diluted to 3-0 ml., gave a final substrate concentration of M/100, unless otherwise stated. 

Methylene blue was made up in phosphate-saline, the original solution being 0-5 or 1-0 
mg./ml., and 0-1 or 0-2 ml. were used in each cup. 

The oxygen consumptions were measured at 38° C., with shaking at 100 cycles/minute in 
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Warburg manometers with double-sidearmed cups. The total volume in each eup was 2-5 or 
3-0 ml., of which, in either case, 2-0 ml. were cell suspension. The water used for all solu- 
tions was distilled water redistilled frcm an all-glass still. 


GENERAL PROCEDURE. 


Twelve manometers with double side bulb cups were used in each run. Two 
of these were thermobarometers, two others blanks containing cells but no F 
substrate (one of which contained methylene blue). Each substrate was tested ; 
at least in duplicate in every run (one with, the other without, methylene blue). 
Substrates and methylene blue were measured into the side bulbs. Each substrate gg 
was tested by three methods to determine its utilization in the presence of F 
methylene blue. 


Method 1. Methylene blue and substrate were added together. 

Method 2. Substrate only was tipped in after equilibration, the cells 
incubated for a given period (usually one hour), and then methylene blue was 
added. 

Method 3. Methylene blue only was added after equilibration, the cells 
shaken with it for one hour, and then substrate was tipped in. 


Comparison of Methods 1 and 2 sheds some light on the mode of utilization 
of the substrate. If uptakes by Method 2 exceed those in Method 1, it is not 
unreasonable to assume that the substrate is first converted to some derivative 
during the initial incubation, and that it is such a derivative rather than the 
substrate itself which is oxidized when methylene blue is added. If uptakes by 
Methods 1 and 3 are equal, then the substrate as such is being oxidized. If 
Method 3 gives lower rates of oxygen consumption than Method 1, and Method 2 
higher rates than Method 1, it is suggested that the cells first convert the substrate 
to a derivative, which is then oxidized; further, that methylene blue partly 
inhibits, or at any rate decreases, the rate of formation of that derivative (see 
under hexoses). 

Table 1 shows the arrangement of manometers to determine the comparative 
rates of oxygen uptake by Methods 1, 2 and 3 for any substrate by the same sample 
of cell suspension. 


TABLE 1. 
Set-up of a manometer run to compare Methods 1, 2 and 3. 


Each vessel contained 2-0 ml. cells and, in the central well, 0-1 ml. N NaOH. 
The two side-bulbs are designated as SB and SBK. 


Content vessel No. | 1 


| 

| 2 3 7 
Substrate (0-2 ml.) | — | —|— | — | SB| SB sp [sx | SB | SB 
0-1 ml. M.B. | SB |SBK SB | SB | SB | SB |SBK/|SBK 
Blank or experiment iB, Bi B&B B E E E E E| E 
Method under investigation | 1 | 1 | 3 | 3 | 1 1 2 2 3 | 3 
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After equilibration, all the SBK contents were tipped in and the vessels 
again shaken for an hour. Then all SB contents were tipped, and readings taken 
half-hourly or hourly. 

Each run included two thermobarometers which contained 0-1 ml. N NaOH 
and 2-9 ml. phosphate-saline. 

It is obvious that, since Methods 1 and 2 differ only in the time of addition 
of substrate, the blanks for 1 and 2 (which contain no substrate) are identical. 

By arranging the manometers in this manner, it was possible to determine 
quantitatively and simultaneously oxygen uptakes by Methods 1, 2 and 3 on the 
same blood sample. 


RESULTS. 
GENERAL FINDINGS. 


The following observations concerning the respiration of erythrocytes were 
made: 


Oxygen uptakes of cells from young animals are considerably greater than 
those from fully mature animals. Increases of 100-200 p.c. were observed. This 
is in agreement with the original results of Harrop and Barron (1928) and 
subsequent investigators. Furthermore, the percentage increase in respiration 
caused by M.B. is much smaller in immature than in mature cells. 

Oxygen uptakes with M.B. are linearly proportional to the numbers of red 
cells. The rate of oxygen uptake in the presence of glucose, as claimed by earlier 
workers, is fairly uniform over at least two hours, although it usually diminishes 
slightly after the first hour (see Table 4). This is characteristic of the hexoses. 
With lactic acid and other substrates sharp decreases in uptake are observed after 
the first hour. 

Increases in M.B. concentration above 0-0033 p.c. do not noticeably increase 
oxygen consumption. Above -006 p.c., slight decreases were observed when the 
substrate was glucose. Fairly wide variations in glucose or other substrate con- 
centration (from M/100 to M/50) exert no influence on oxygen consumption. 

As reported by earlier workers, haemolysis causes complete cessation of 
endogenous respiration, and no oxygen uptake on any of the main substrates 
tested was observed after addition of M.B. It must be noted, however, that 
cell haemolysates + M.B. show a considerable respiration on Robison ester 
(Warburg and Christian, 193la, b). Preliminary work in this laboratory with 
hexose phosphates confirms these results. Further work will be reported in a later 


paper. 

The respiration with methylene blue alone (hereafter referred to as the 
M.B. blank) is of interest in shedding light on the actual oxidative processes which 
occur. This blank cannot be totally removed even by repeated washings. This 
indicates that the oxidizable substance cannot diffuse out of the cell, and 
immediately suggests an organic phosphate. Such a supposition is further 
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supported by the fact that incubation of cells at 38° C. for an hour considerably 
diminishes the respiration observed when M.B. is added. During the incubation, 
the (hexose) phosphate is probably converted to lactic acid (Dische, 1934), which 
is not as readily oxidized as glucose (Wendel, 1931). The O». consumption drops 
off sharply after the first hour. 


TABLE 2. 
Effect of washing, preincubation and storage on ice of the M.B. blank. 


Fillings: All cups contain 2-0 ml. of the same cell suspension sample, 0-1 ml, M.B. (S.B.), 
0-1 ml. N NaOH (centre well) and 0-8 ml. phosphate-saline. 
phosp 


Uptakes (1.02) 
Description of cells. 1st hour. | 2nd hour. | 3rdhour. | Total. 
Washed once 60 19 16 95 
Washed twice 30 ll 11 52 
Washed thrice 16 10 8 34 | 
Preincubated 1 hour at 38° C. (washed once) 42 14 9 65 | 
Stored 24 hours on ice 45 14 13 72 


Overnight storage of the cells in the refrigerator does not appreciably 
diminish the rate of oxidation of glucose in the presence of M.B. 

Identical experiments with different samples of blood usually do not give 
quantitatively equal oxygen uptakes. However, uptakes on a given substrate 
by cells from the same blood sample are readily and quantitatively reproducible. 


RESPIRATION WITHOUT ADDED M.B. 


Oxygen uptakes of different blood samples vary widely; even when drawn from rabbits 
of the same age, great variations occur. The blank respiration lies between 8-20y]./2 ml. 
cells/hour for mature bloods, and from 15-40u1./2 ml. cells/hour for bloods from younger 
animals. This endogenous respiration diminishes sharply after the first hour. 

The respiratory rate did not seem to be affected noticeably by addition of various sub- 
strates. 

Disaccharides, hexoses and pentoses were all ineffective. Lithium lactate seemed to 
diminish the oxygen uptake slightly. 

All three dicarboxylic acids tested increased the respiratory rate consistently. Since the 
blank uptakes as well as uptakes in the presence of dicarboxylic acids are small, it is difficult 
to determine which of the acids is the most effective. The increases in O2 uptake as compared 
with the blank are shown in Table 3. 

It is of interest to note that a somewhat similar sequence of efficiency was observed with 
dicarboxylic acids in the presence of M.B. but that the effects were much more pronounced. 

Strangely enough, citric acid seemed to cause increased respiration. In three consecutive 
experiments, increases of 10-15u1./2 hrs. were recorded. This finding remains unexplained 
as the erythrocyte membrane is supposedly impermeable to the Cg tricarboxylic acids. 

Acetic, glyceric, gluconic and propionic acids showed no noticeable effects. 
diminished respiration greatly (50 p.c.). 


Glyoxal 


| 
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TABLE 3. 
Comparative effect of dicarboxylic acids on endogenous respiration. 


The five dicarboxylic acids were tested, each against a blank, on the same blood sample. 


Fillings: Similar to Table 1, except that there is no M.B., and that substrates in the 
experiments are in the SB, blanks containing an equal volume of phosphate-saline. 


Duration of experiments: 4 hours. 


Substrate.* Increases in uptake (u1.0.) compared with the blank. 
Fumarie acid 51 
Malic acid 27 
Succinie acid 10 
Oxalacetie acid negative 
a-keto-glutarie acid . negative 


* Substrate concentration M/100 in all cases. 


Preliminary experiments with amino acids indicate that valine, histidine and arginine 
are inert, whereas alanine, phenylalanine and ornithine show slight inhibition. Cysteine 
increases oxygen consumption considerably, and the rate of Oy uptake in the presence of red 
cells is considerably greater than that due to the autoxidation of cysteine in phosphate-saline. 

Further work on miscellaneous compounds and amino acids will be reported later. 


RESPIRATION WITH METHYLENE BLUE. 
Hezoses. 

All hexoses tested were found to be utilized by the erythrocytes-M.B. system, as shown 
by the great increases in oxygen consumption. Apart from a short statement about fructose 
in Michaelis and Salomon’s (1930a) paper, this represents the first quantitative comparison of 
hexose utilization by this system. 

Each hexose was tested in duplicate on the same cell suspension. Such experiments were 
repeated several times, and consistently the substrates fell into this order of decreasing 
activity: fructose, glucose, mannose, galactose. 

It may be seen that in all cases the respiratory rate generally diminishes slightly after 
the first hour. 


TABLE 4. 
Comparative effectiveness of hexoses in inducing M.B. respiration. 
Figures represent increases in oxygen consumption (in ul.) as compared to the M.B. blank. 
All cups contain 2-0 ml. cells, 0-1 ml. N NaOH (centre well). 
Final volume, 3-0 ml. Final substrate cone., M/100. Final M.B. conc., 0-003 p.c. 


uptake increases during 


Substrate. | 1st hour. 2nd hour. 3rd hour. | Total increase. 
| | 
Glucose 90 70 59 219 
Fructose | 112 103 92 | 307 
Mannose | 69 61 59 189 
Galactose | 19 18 5 | 42 
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Striking differences were cbserved in the comparison of Methods 1, 2 and 3 for each 
individual hexose. Furthermore, the same relative rates of respiration by Methods 1-3 were 
observed for all four hexoses, suggesting that the same mechanism of utilization applies to 
all. (Table 5). 


TABLE 5. 
Effect of preincubation of cells with either substrate (Method 2) or methylene blue (Method 3). 
For details see ‘‘General Procedures.’’ Fillings similar to those in Table 1. 


Figures represent increases in cxygen uptake in ul. over the corresponding blanks. 


{ | 
| Uptake increases during | 
Substrate. Method. ist hour. 2ndhour. | 3rd hour. Total. 


= 
Glucose 1 41 38 29 108 
Glucose 2 78 60 49 187 
Glucose 3 4? 14 13 69 
Fructose 1 59 38 35 132 
Fructose 2 94 60 52 206 
Fructose 3 20 17 15 52 
Mannose 1 28 g 21 76 
Mannose 2 39 32 25 96 
Mannose 3 15 14 10 39 
Galactose 1 15 13 4 32 
Galactose 2 28 21 13 62 
Galactose 3 12 7 3 22 


It will be seen that the uptakes are in the decreasing order: Method 2, 
Method 1, Method 3, for each sugar. This means simply that preincubation with 
substrate increases the rate of oxygen consumption upon addition of methylene 
blue; conversely, preincubation with methylene blue decreases the respiratory 
rate on the same substrate. The interpretation, according to the initial assump- 
tions (see under General Procedure), is as follows: 

The actual substance oxidized by the erythrocyte-M.B. system is not a hexose, 
but some derivative of it (possibly a hexose phosphate), which is formed when 
the substrate is incubated with the cells alone. This explains why uptakes by 
Method 2 exceed those in Method 1, since substrate-preincubated cells would 
contain a much higher concentration of the intermediary. The contention is 
supported by the finding that Method 3 gives the lowest uptakes of all. This 
latter result suggests yet another example of a Pasteur Effect: the ‘‘anaerobic”’ 
(glycolytic) formation of the intermediary is inhibited partly by the preincuba- 
tion with M.B. which gears the cell to highly ‘‘aerobic’’ conditions. Hence, 
uptakes in Method 1 would be intermediate between those in Methods 2 and 3. 

This interpretation is also supported by the observations previously described 
under General Observations, relating to the M.B. biank. 
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Pentoses. 


All three pentoses available were examined and found to increase the oxygen uptake in 
the presence of M.B. These increases are considerably smaller than is the case with hexoses. 
Two further features are noticeable: Firstly, increases for a given pentose by Method 2 are 
not as consistently greater than by Method 1 as was the case with hexoses. Secondly, the 
reduction of uptake in Method 3 is most noticeable with arabinose, and least with ribose. 
(Table 6). 


TABLE 6. 
Effect of pentoses. 


Fillings as before. Figures represent the mean increases u].0. given by each substrate as 
compared to the blank. Figures in brackets give the ranges of these increases over the whole 
series of experiments. Experimental period: 3 hours. 


Increases: 
| 
Substrate. Method 1. Method 2. Method 3. 
| 
| 
Arabinose | 30 | 34 | 7 
(14-48) | (13-47) (0-20) 
Ribose | 46 | 56 | 26 
| (16-64) | (31-87) H (11-44) 
| | 
Xylose | 24 | 34 | 16 
(12-41) | (20-55) (0-31) 


Although the averages show the uptakes by the three methods to fall again into the 
decreasing order 2, 1, 3, the individual experiments did not show the very notable differences 
invariably found with hexoses. This is obviously due to the fact that uptakes of less than 
50u1./3 hours become difficult to measure very accurately with ordinary Warburg equipment. 

At the same time, results quoted here do lead to the suggestion that, as was the case 
with hexoses, oxidation of pentoses is preceded by some other transformation which proceeds 
less rapidly in the presence of M.B. than in its absence. 

A number of experiments in which the pentoses were simultaneously tested on the same 
blood samples did not show such a well-defined series as was found with hexoses. 


Disaccharides. 

Quoted in the literature is one instance (Michaelis and Salomon, 1930a) of the use of a 
disaccharide with the erythrocyte-M.B. system. The authors state that uptakes on sucrose are 
equal to those on glucose or fructose. This, according to the results presented here, is a 
gross over-statement. 

Uptakes on disaccharides (shown in Table 7) are here found to be very small. Generally, 
the increases are rather smaller than those encountered with pentoses. 

The results show a further decrease in the differences between Methods 1, 2 and 3. It is 
somewhat surprising that uptakes by Method 2 are not greater than those by Methods 1 and 3; 
it must surely be supposed that the disaccharides are first hydrolysed to their constituent 
monosaccharides before oxidation occurs. If this were so, then the preincubation with sub- 
strate should cause considerably higher uptakes by Method 2. Until this section is further 
investigated by means of a more sensitive technique, the following tentative conclusions may 
be recorded: 
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TABLE 7. 
Effect of disaccharides. 
Conditions as in Table 6. 


Increases: 
Substrate. Method 1. Method 2. Method 3. 
Sucrose 21 15 5 
(6-36) (7-24) (0-7) 
Maltose 19 21 14 
(10-25) (13-35) (11-17) 
Lactose 15 17 11 
(8-26) (3-36) (0-28) 


Disaccharides are either oxidized very slowly as such, or else the disaccharase 
activity of rabbit erythrocytes under the experimental conditions is very low; 
both explanations would account for the absence of noticeable differences in 
uptake between Methods 1, 2 and 3. 

It was not found possible to obtain a significant measure of the comparative 
effectiveness of disaccharides by testing them on the same blood sample simul- 
taneously. This must be ascribed to the small uptakes which do not permit of a 
very high order of accuracy. 

_It is of interest to note that several experiments with bloods from young 
animals showed disaccharides to give no increased Oo uptakes at all. 


Dicarboxylic Acids, 


Of the five acids tested, only a-keto-glutaric acid did not show consistently significant 
increases in oxygen consumption. Fumarie may be considered the most active. Quite con- 
siderable differences between each member of the class are encountered in the comparison 
of uptakes by the three general methods, as shown in Table 8. 

The following suggestions are made to account for these differences: 

Fumaric acid and malic acid as such feature in the oxidation by M.B. (uptakes equal 
for Methods 1 and 2). Probably, fumaric itself is not oxidised, but rather aids in the 
oxidation of some substance or substances present within the cell. Preincubation with M.B. 
causes partial destruction of this substance, and hence the uptakes by Method 3 are smaller. 

Succinie acid is itself first activated by preincubation with the cells alone; it seems 
possible that oxidation to fumaric occurs, but, to the author’s knowledge, the presence of a 
succinic dehydrogenase has not yet been proved for erythrocytes. Such a supposition, or some 
similar transformation, would explain the sequence of uptakes by the three methods. 

Results quoted in Table 8 give a comparison only between Methods 1-3 for each 
individual acid. The results for each acid are not comparable with those for any other acid, 
since different numbers of experiments on different blood samples were carried out. Table 9 
shows the results of one of a number of experiments in which the five acids were simultane- 
ously tested on the same blood sample. Method 2 was chosen because it had given the most 
uniform results when each acid was tested individually. 


; 
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TABLE 8. 


Effect of dicarboxylic acids. 
Conditions same as Table 6. 


Increases: 
Substrate. Method 1. Method 2. Method 3. 
Fumaric acid 68 64 47 
(50-99) (44-84) (26-66) 
Malic acid 20 26 23 
(3-48) (11-52 (10-31) 
| 
Succinic acid } 43 57 17 
| (29-78) (24-85) (3-38) 
Oxalacetic acid 25 19 7 
| (6-39) (14-23) (0-28) 
a-keto-glutaric acid 20 14 4 
(3-37) | (2-27) (0-11) 
TABLE 9. 


Comparison of the effectiveness of dicarboxylic acids in the presence of M.B. 


Conditions: As in Table 3, only all cups contain 0-1 ml. M.B., and the general method 
used is No. 2. 


Preineubation: 1 hour. Experimental period: 3 hours. 


| 
| 
| 


Substrate. 
(M/100). | Increase 
Fumarie acid 63 
Malic acid | 31 
Succinie acid 16 
Oxalacetie acid | 14 
a-keto-glutaric acid j 10 


Thus, the decreasing order of effectiveness is fumaric, malic, succinic, oxalacetic and 
a-keto-glutaric. The latter three are not satisfactorily distinguishable in their effect. Thus, 
the orders of effectiveness of the dicarboxylic acids in the presence and absence of M.B. are 
similar. 

Particularly interesting results were obtained with oxalacetic acid. It was 
invariably observed that, especially during the first hour after oxalacetate 
addition, the uptakes were considerably less than those of the blank. Subsequently, 
the uptakes of the samples containing oxalacetate increased over the correspond- 
ing blanks, so that usually an overall increase was observed. Table 10 shows a 
typical experiment. 


' 
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TABLE 10. 
Effect of oxalacetic acid on respiration rate in the absence and presence of added M.B. 


Fillings: as usual. 


| 
Observed Ov uptakes (u).) during: 
Substrate. Method. 1st hour. 2nd hour. 3rd hour. Total. 

None 1 55 38 37 130 
Oxalacetate 1 39 64 44 147 
None 2 41 20 17 78 
Oxalacetate 2 41 32 21 94 
None 3 16 13 9 38 
Oxalacetate 3 6 26 21 53 
None no M.B. 36 

Oxalaeetate 18 


Oxalacetic acid is the only substrate tested which showed this unusual 
phenomenon. 
Two explanations would account for the observed results: 


The observed O. uptakes are due to the oxidation of leuco-M.B. (produced 
by the metabolic reduction of M.B.) by oxygen. If some of the leuco-M.B. were 
to be oxidized by oxalacetate (which would thereby be reduced to malate), a 
decreased oxygen uptake would be observed. Subsequent activation would be 
ascribed to the presence of malate. 

Alternatively, a rapid initial production of CO. could occur. This would 
not immediately be absorbed by the NaOH, and would thus appear as a decreased 
oxygen uptake. Experiments to detect CO» production were subsequently carried 
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Pig. 1. Decarboxylation of oxalacetate in the presence of M.B. 
1. Open triangles, oxalacetate (without NaOH). 
2. Solid triangles, blank (without NaOH). 
3. Open circles, oxalacetate (with NaOH). 
4. Solid circles, blank (with NaOH). 
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out as follows: On the same blood sample, oxalacetate was tested with (a) the 
usual amount (0-1 ml.) of N NaOH, (b) twice that amount, and (c) without 
NaOH. The results of (a) and (c) are shown in Fig. 1. 

The findings strikingly support the second suggestion, a very considerable 
decarboxylation being obvious. The results with NaOH show why there appears 
a decreased uptake during the initial period. When using twice the usual amount 
of NaOH (which is not shown on the Figure), the initial observed output is 
smaller and absorption of COz is more rapid. 

Very similar results were obtained without M.B., and these are shown in 
Fig. 2. 

This means that decarboxylation occurs irrespective of M.B. 


©, UPTAKES 


Fig. 2. Decarboxylation of oxalacetate without M.B. 


1. Open triangles, oxalacetate (without NaOH). 
2. Solid triangles, blank (without NaOH). 

3. Open circles oxalacctate (with NaOH). 

4. Solid circles, blank (with NaOH). 


TABLE 11. 
Decarborylation of oxalacetate. 
Fillings: All cups without NaOH, otherwise as usual. 
Substrate concentration: M/100. 
Theoretical volume CO. obtainable by complete decarboxylation: 800u1. 
Experimental period: 5 hours. 


| 
Observed CO. | BlankO. {| Corrected CO. | Percentage 
Exp.No. | Added M.B. | output (ul.). | uptake (ul.). | output (ul.). Conversion. 
| 
1 + 62 51 | 113 14 
2 + 110 95 205 25 
3 +. 139 83 221 28 
4 — 91 44 135 17 
5 _ 78 37 115 14 
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A number of experiments to determine the extent of decarboxylation are 
listed in Table 11, from which it can be seen that the reaction proceeded to up to 
28 p.c. of the theoretical in five hours. 

Although CO». output had not ceased after that time, it was considered 
unnecessary to continue the experiments for longer periods. 

Identical experiments were carried out with a-keto-glutarie acid, but no 
decarboxylation occurred. Thus the enzyme system present shows specificity for 
oxalacetate. 


Tricarboxzylic Acids, 


Citrie acid, aconitie acid and cis-aconitic acid were all tested and found not to effect 
oxygen consumption. This would be the expected result on the supposition that the red cell 
membrane is impermeable to tricarboxylic acids. At the same time, attention must again be 
drawn to the finding that citric acid seemed to increase the endogenous respiration of the 
cells. 

Further work on similar aspects of blood celi metabolism is in progress. 


DISCUSSION. 


The respiration of mature erythrocytes has once again been found to be very 
small. Furthermore, a wide variety of substrates had virtually no effect on this 
respiration. Notable exceptions are the dicarboxylic acids, whose stimulatory 
effects on the majority of cells and tissues are well known. Red cells have been 
shown to accumulate citrate, but the operation of a tricarboxylic acid cycle in 
cells of such low respiratory activity seems most unlikely. It is of interest, at 
this stage, to mention the occurrence of large amounts of coenzyme II, in erythro- 
eytes, for which no obvious function has been found. 

This low but persistent respiration of mammalian erythrocytes is a topic of 
considerable interest. Firstly, there seems to be no particular reason why the 
cells should respire at all. Secondly, the mechanism of this respiration is very 
largely a matter of conjecture. Thirdly, no explanation has been found or even 
suggested to account for the fact that cells from immature animals respire fairly 
strongly. If this difference could be traced to some factor which decreases in 
proportion to advancing maturity, a much clearer understanding of the problem 
would be obtained. 

The inhibitory effects observed with certain amino acids cannot as yet be 
satisfactorily explained. Further work is required, so that the isolated exemples 
quoted here may be systematized and explained. The only certain fact is the 
finding that rabbit erythrocytes readily convert the -SH group of cysteine to -S-S- 
(probably cystine). 

The actual mechanism of the M.B. activation has been the subject of consider- 
able controversy. Two main opinions have been recorded : 

The Warburg school has proved conclusively the formation of methaemoglobin in the 
presence of M.B. It has also been shown that intact cells which have been induced to contain 
methaemoglobin by means other than M.B., will oxidize glucose and lactie acid, Thus, the 
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emphasis has been placed on methaemoglobin, which is claimed to exert a truly catalytic action. 
(Warburg, Kubowitz and Christian, 1931). The function of M.B. is merely to form the 
methaemoglobin. 

The original discoverers of M.B. respiration in red cells, Harrop and Barron, favour an 
explanation whereby methylene blue is a true respiratory catalyst, fulfilling a réle somewhat 
similar to that of cytochrome oxidase, i.e., activating molecular oxygen. This point of view 
explains more findings and is generally more satisfactory. According to this theory, supported 
by Wendel (1929, 1930, 1931) and Michaelis ana Salomon (1930, 1931), the M.B. ‘‘replaces,’’ 
or, more accurately, acts similarly to, a respiratory factor commonly found in nucleated red 
cells, and also present in immature cells. Thus, the comparatively small effect of M.B. on 
these latter erythrocytes is explained (since they contain an oxygen activator already). 

The results quoted in this paper also support the second theory. If M.B. 
acted merely as a methaemoglobin producer, and if methaemoglobin oxidized 
glucose, discrepancies in the rates of oxygen uptake with various hexoses would 
be unlikely. By ascribing catalytic powers to M.B., however, these differences 
can be explained as due to the specificity of the enzyme system concerned. 

That M.B. plays some fundamental role is further supported by the oxidation 
of pentoses. Though the effects here are slight, the consistency with which these 
increases in respiratory rate are found, points to a slow but steady utilization 
of pentoses in the presence of M.B. Similar arguments apply to the results with 
dicarboxylic acids. It may well be that in the case of both these classes of 
compounds significant differences exist between the effectiveness of members of 
each class, but the simple manometric technique in the case of small oxygen 
uptakes would not be accurate enough to show them. 

Rather striking support that it is the M.B. (and not methaemoglobin) which 
has catalytic activity, is the finding that great variations in M.B. concentration 
do not appreciably affect rate of oxygen uptake. This fully confirms the results 
of earlier workers, notably Barron and Harrop (1928), who report that changes 
from a concentration of 0-1 p.c. to 0-0005 p.c. have very little effect on the 
oxidative processes (as measured by the ‘‘glycolytic quotient’’). Were it purely 
for its power of methaemoglobin formation, one would expect increases in oxygen 
uptake for at least a certain range of increasing M.B. concentration. 

Of great interest is the question of the actual nature of the substance oxidized 
in the presence of M.B. Barron and Harrop (1928) compared glycolysis and M.B. 
action: They found that haemolysis causes cessation of glycolysis and M.B. 
respiration. From this, and the finding that the rates of glycolysis and M.B. 
respiration are higher in phosphate buffer than in the absence of phosphate, they 
suggest that ‘‘M.B. produces its effect .. . . by inereasing the oxidation of some 
degradation product of glucose.”’ 

Results quoted in this paper decidedly support this hypothesis: The com- 
parison of Methods 1, 2 and 3 gives results which very strongly suggest that 
hexoses are first ‘‘activated’’ by some ‘‘anaerobic’’ process and that the product 
is then oxidized. In their summary, the above authors suggest hexose diphosphate 
as the intermediary. Preliminary experiments in this laboratory with red cell 
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haemolysates favour the Robison ester, since the system haemolysate-M.B.-Robison 
ester shows more rapid oxygen uptakes than a similar system containing fructose 
diphosphate. Comparison of Methods 1-3, the effects of washing, preincubation 
and storage on the M.B. blank, the destruction of M.B. effect by haemolysis, and 
the fact that haemolysates show a strong oxygen uptake on Robison’s ester, lead 
to the following tentative conclusions : 

The strong respiration observed in erythrocytes in the presence of a hexose 
and of M.B. can be attributed to the oxidation of a hexose phosphate. Cell 
integrity is necessary for the formation of this ester, and it is formed more readily 
in the presence of added inorganic phosphate. Preincubation with M.B. causes 
partial inhibition of the intermediary’s formation. Hexoses differ in their ability 
to give rise to this intermediary, so that the oxygen uptakes in the presence of 
M.B. also differ. The product of the oxidation is unknown. 

The mechanism of disaccharide utilization is similarly explained ; splitting 
to hexoses by disaccharidases is suggested to occur first. Since the uptakes are 
much smaller, differences between Methods 1-3 cannot be seen so clearly. 

Whether a similar chain of reactions oceurs with pentoses, cannot be definitely 
stated at present. A general reduction of effectiveness with cells preincubated 
with M.B. is shown, which might be an indication of a phosphorylation similar 
to that encountered with hexoses. 

The réle of dicarboxylic acids is obviously different. The first complication 
is that these substances stimulate respiration in the absence of M.B., which 
is not surprising, and brings the red cell into line with a whole variety of animal 
tissues, the respiration of which is affected similarly (although usually more 
markedly). In the presence of M.B., less pronounced differences between 
Methods 1, 2 and 3 are observed. However, the effect of these acids is generally 
more pronounced in the presence of M.B. than in its absence. A working hypo- 
thesis to explain the action of the acids might be put as follows: In the presence 
of M.B., the action is twofold: firstly, the endogenous (M.B. independent) 
respiration is stimulated ; secondly, one or more of the acids feature in the oxida- 
tion of the (endogenous) hexose phosphate by methylene blue. Further work in 
this connection will be reported later. 


SUMMARY. 


The respiration of mature rabbit erythrocytes has been found to be very 
small. It is not influenced appreciably by a variety of hexoses, pentoses, 
disaccharides, and other miscellaneous substances tested. 

However, noticeable increases in oxygen uptake are observed after addition 
of dicarboxylic acids, and citric acid. The latter finding remains unexplained. 
Certain amino acids exert inhibitory effects on respiration. 

In the presence of methylene blue, the four hexoses examined all show 
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considerable activity in stimulating oxygen uptake. They are found to fall into 
the following order of decreasing effectiveness: fructose, glucose, mannose, and 
galactose. 

By the simultaneous use of three different methods, it is shown that hexoses 
undergo a transformation before being oxidized. It is suggested that formation 
of a hexose monophosphate, which is partly inhibited in the presence of methylene 
blue, occurs prior to oxidation. 

All pentoses (xylose, ribose and arabinose) and disaccharides (sucrose, 
maltose and lactose) tested show small increases in oxygen uptake in the 
presence of methylene blue. Because of the comparatively small differences 
between experiments and blanks, it has not as yet been possible to draw definite 
conclusions from the results obtained by the three general methods. 

The dicarboxylic acids (a-keto-glutaric, fumaric, malic, oxalacetic and suc- 
cinic) are all active in the presence of methylene blue. It is suggested that they 
feature in the oxidation of hexose phosphate, as well as playing an unknown rile 
in the endogenous respiration of the red cell. The presence of a specific oxalacetate 
decarboxylase is shown. 
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THE POSSIBILITY OF THE DUAL NATURE OF 
SYMPATHETIC GANGLION CELLS 
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It is well known that while the majority of postganglionic, sympathetic fibres 
liberate adrenaline at their endings and so constrict the blood vessels thus 
innervated, some fibres cause a dilatation. It is possible that the cells which give 
rise to these latter postganglionic fibres may have different pharmacological 
properties. That this may be so was indicated to us by some chance observations 
made during the investigation of the pharmacology of quinine methiodide (Shaw, 
1947), and a continuation of these results is reported in this paper. 


EXPERIMENTAL. 


Except where otherwise stated all the results in this paper were obtained by the same 
stancard technique. Dogs or cats were anaesthetized with nembutal and/or ether and two 
cannulae inserted, one in the internal carotid artery for recording blood pressure and the 
other in the saphenous vein for the administration of drugs. When necessary artificial 
respiration was administered. The dcses quoted are expressed as mg/kg. of the body weight 
in all cases. 


First Experiment. 


The injection of 1-5 mg. of nicotine produces a marked rise in blood pressure. One 
explanation for this rise is that the sympathetic ganglia are being stimulated with the subse- 
quent release of adrenaline at the endings of the post-ganglionie fibres. If this is so, then the 
previous administration of yohimbine (1 mg.) should change this pressor response of nicotine 
to a depressor one. This has never been observed. At the most the response to nicotine has 
been reduced to a third (Fig. 1). 

From this it may be safely deduced that the action of nicotine in the body 
is twofold; it stimulates the ganglia and has a local action on the blood vessels 
which is not affected by yohimbine. There are several experiments which show 
the existence of this local action (Heffter, 1924). Only by the use of two special 
methods were we able to abolish the rise in blood pressure produced by nicotine: 
(a) with a decapitated animal after administration of quinine methiodide; and 
(b), after the administration of cocaine and yohimbine. Indeed, in the latter 
case, in one out of five tests we actually obtained a fall in blood pressure after 
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the injection of nicotine (Fig. 2). 
1 This work was carried out with the aid of a grant from the National Health and ¥ 
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A possible explanation is that nicotine does weakly stimulate the second 
group of cells in the ganglia (see later), but it requires the presence of cocaine 
to demonstrate the small amount of adrenaline thus liberated. 


Fig. 1. Dog. 8 kg. Nembutal. Lob. = Lobeline Fig. 2. Dog. 7 kg. Nembutal. Atropine 3 mg. and 
1 mg. Nic. = Nicotine 1 mg. Between A and B- Nicctine 2 mg. Ach. = Acetylcholine 5 mg. Nie, = 
3 mg. of Yohimbine. Time half minutes. (All Nicctine 2 mg. Between A and B cocaine 10 mg, 
figs.). Between B and C yohimbine 3 mg. 


Second Experiment. 


Atropine (1 mg.) was administered and then acetylcholine (0-1-1-0 mg.) injected and a 
rise of blood pressure resulted from the nicotine action of the acetylcholine on the sympathetic 
ganglia. If yohimbine were now administered, and then the dose of acetylcholine repeated, 
the previous rise in blood pressure due to the acetylcholine was now changed to a fall (Fig. 3). 


Fig. 3. Cat. 3 kg. Nembutal. Atropine 3 mg. Ach. = Acetylcholine 1 mg., ete. 
Between A and B yohimbine 2 mg. and 9 min. interval. Between C and D cocaine 10 mg. 
and 6 min. interval. 

It is the main purpose of this paper to interpret this fall, which is obtained 
in an atropinized animal by the injection of acetylcholine after the previous 
administration of yohimbine (or nicotine; see Third Experiment). The first 
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explanation possible is that it is due to the acetylcholine ‘‘ breaking through’’ the 
atropine and exerting its muscarine action. We have continually borne this 
explanation in mind but there is much evidence against it. In the first place, 
if this were so, then cardiac slowing should be evident. A careful perusal of all 
our tracings (over one hundred) and close observation during the injection of the 
acetylcholine shows us that at the moment of injection there is a sharp fall of blood 
pressure, the blood pressure remains low for a minute or muie, and during this 
period and the gradual recovery of the blood pressure to normal, the heart rate 
is never less than normal and very often may be increased in rate, no doubt in 
response to the lowered blood pressure. A second explanation is that the acetyl- 
choline is mimicking those cholinergic, sympathetic fibres which bring about vaso- 
dilatation (Burn, 1936). We do not think that this is so for three reasons: 
(a) according to Burn these cholinergic sympathetic effects are abolished by 
atropine, and our results are obtained in the presence of atropine; (b) the 
cholinergic sympathetic fibres are abundant in the dog but sparse in the eat, 
whereas our vasodilatation is obtained with equal facility in the cat and the dog; 
(c) eserine should have a marked potentiating effect. We find that eserine has a 
slight potentiating effect for which we offer another explanation (see later). 


Pheganglionic Fibre. 


The third explanation, which we believe to be the true one, is that there are 
two types of cells from which the postganglionic fibres arise. The first type of 
cell gives rise to a fibre which liberates adrenaline at its ending and causes con- 
striction of the vessels. The'second type of cell, hitherto unsuspected, gives rise 
to a fibre which, while it liberates adrenaline at its ending, causes dilatation of 
vessels. In this paper, for the sake of brevity, the first group of cells will be 
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referred to as C cells and the second group as D cells. Nicotine stimulates and 
paralyzes, in the main, only the C cells. Acetylcholine can stimulate both groups, 
but as the C are in the majority a rise in pressure results, unless the C cells have 
been paralyzed by nicotine, or the adrenaline liberated at the endings of the 
postganglionic fibres which they innervate have been antagonized by yohimbine 
(Fig. 4). 


Pig. 4. Dog. 7 kg. Nembutal. Atropine 4 mg. Nicotine 5 mg. Ach.=Acetyl- 
choline 5 mg. Coc.=Cocaine 35 mg. 


That the humoral agent dilating the vessel and causing the fall in blood 
pressure is adrenaline, is confirmed by the administration of cocaine (2-3 mg.) 
to an atropinized and yohimbinized animal when the fall due to the injection of 
acetylcholine is potentiated (Figs. 3 and 5). 


Third Experiment (Atropinized Animal). 


The injection of acetylcholine produces a rise in blood pressure; if nicotine (2-5 mg.) is 
now administered acetylcholine produces a fall in blood pressure (Fig. 6). (This simple 
reversal of action is not always produced at once. Sometimes the rise due to the acetylcholine 
is very much lessened but there is always a fall either preceeding this rise or following it. 
The pure fall is obtained by repeating the dose of nicotine or reducing the dose of 
acetylcholine). 

Despite the statement that nicotine first stimulates then paralyzes ganglia, 
it is very difficult to give repeated doses of nicotine and eventually reach a stage 
where a dose of nicotine will have no action on the blood pressure; once or twice 
in about twenty experiments there was only a small rise in blood pressure after 
the administration of 15 mg. of nicotine. On the other hand, the pure fall in 
blood pressure produced by acetylcholine after nicotine is easily produced if the 
conditions mentioned above are adhered to. We interpret this to mean that the 
C cells in the ganglion are easily paralyzed by nicotine but the D cells are not, the 
administration of acetylcholine now stimulates these cells with a resultant 
fall in blood pressure. A quantitative confirmation of the hypothesis, that 


BP 120 ants. ime. ; 
; 
4 


SYMPATHETIC GANGLION CELLS 143 


nicotine does not paralyze the cells stimulated by acetylcholine to give a depressor 
response, is shown by the repeated administration of alternating doses of nicotine 
and acetylcholine. In this case the first dose of nicotine and acetylcholine results 
in a large rise and a small fall in blood pressure respectively, subsequent pairs 
of doses show a gradual lessening of the pressor nicotine effect and a progressive 
increase of the depressor acetylcholine effect, although the doses remain the same. 


GP 120mm Hg. 


Fig. 5. Dog. 8 kg. Nembutal. Atropine 5 mg. Ach. = Acetylcholine 1 mg. 
Between each panel Nicotine 2 mg. and 3 min. interval. 


Our interpretation is that the decrease in nicotine action is due to a gradual 
paralysis of the C cells by the nicotine and this means, in addition, that the effect 
of the D cells is progressively unmasked and so that the fall due to acetylcholine 
becomes greater. 

The action of cocaine in this experiment is very interesting. If cocaine is given 
prior to the nicotine, then the rise due to the nicotine is greatly increased, both in 
height and duration. If the animal is nicotinized and the dose of acetylcholine 
adjusted, as above, so that a fall in blood pressure results from its injection, then 
a second injection of acetylcholine after cocaine results in a potentiation of the 
fall in blood pressure, and in addition may be followed by a slight but prolonged 
rise in blood pressure (Fig. 5). This is interpreted to mean that some of the 
acetylcholine is stimulating a few C cells which have not been paralyzed by the 
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nicotine. If the dose of acetylcholine is now reduced to about half, this rise is 
no longer obtained, only the pure potentiated fall being observed. Thus the 
D cells seem to be more sensitive to acetylcholine, i.e. stimulated by smaller doses, 
than are the C cells (see Exp. 4). 


Fourth Experiment (Atropinized Animal). 


If a small dose of acetylcholine (as low as 0-005 mg.) is given only a fall in blood 
pressure is often obtained. As the dose is increased this fall becomes smaller and smaller 
until at about 0-1-0-5 mg. there may be no alteration in the pressure at all and a further 
increase in the dose causes a rise in 
pressure. Thus it appears that the D 
cells are more sensitive than the C 
cells. If yohimbine is now given 
(after acetylcholine has produced a 
rise) and then the large dose of 
acetylcholine repeated, there occurs a 
fall in blood pressure of almost the 
same extent as that produced by the 
second or third weakest dose of acetyl- 
choline, i.e., the dose which was stimu- 
lating the D cells to their maximum 

Fig. 6. Dog. 7 kg. Nembutal. Atropine 4 mg., Without any accompanying stimulation 
Nicotine 2 mg. and Yohimbine 3 mg. Ach.= _ of the C cells; and this is just the 


Acetylcholine 0-1 mg. Between A and B eserine ¢ondition that we have with a large 
1 mg. 


dose of acetylcholine in the presence 
of yohimbine. If, after yohimbine, eserine (0-5 mg.) is now administered and then acetyl- 
choline, we find that the fall is slightly potentiated (Fig. 7). 

This can mean one of two things: (a) the action of acetylcholine is after 
all its muscarine one (see Exp. 1), or (b) that the acetylcholine stimulating the 
D cells in the ganglion is protected and so the effect is greater. It is almost 
impossible to decide which of these views is correct, but the following experiment 
is in favour of the second explanation (other points in its favour have already been 
given). The action of eserine on transmission through the ganglion is, while 
definite, only slight and requires careful technique for its demonstration ; while, on 
the other hand, the action of eserine on the muscarine action of acetylcholine is 
relatively immense. This slight decrease in the action of eserine in the ganglion 
is evidenced by the small amount of potentiation which eserine shows on the 
pressor action of nicotine, and it is this same small degree of potentiation which 
is given to the action of acetylcholine on the D cells. 


Fifth Experiment (Atropinized Animal). Stimulation of the Splanchnic Nerve. 


The experiments were arranged (dosage varied) so that the rise in blood pressure produced 
by adrenaline, splanchnic stimulation and nicotine were of the same height. The effects of 
splanchnic stimulation and injection of adrenaline were similar at first, and after the injection 
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of yohimbine both produced a fall in pressure as the main response; but if the dose of 
yohimbine were not quite sufficient the rise due to splanchnic stimulation was not completely 
abolished. Increasing the dose of yohimbine would abolish this residual rise. As the yohim- 
bine effect wore off the rise due to nervous stimulation reappeared before that due to 
adrenaline. (Fig. 7). 


Fig. 7. Dog. 6 kg. Nembutal. Stim.—Stimulation of the splanchnic nerve 
for 10 sec. by means of an induction coil. Adr.= Adrenaline 20ug. Yo.= 
Yohimbine 4 mg. 


These results and all the results of the previous experiments could be obtained 
if the adrenals were removed. It is evident that there are vasodilator fibres in the 
splanchnic nerve (as has been shown by Burn), and secondly, that our results 
are not due to the effects of the various drugs on the adrenal glands directly. 


Sixth Experiment. The Effect of Lobeline and Tetramethylammonium Chloride. 


The injection of lobeline (0-1 mg.), a pharmacological analogue of nicotine, into an 
animal results in a rise in blood pressure; if yohimbine is now given, the rise, in distinction 
to that of nicotine, is completely abolished and there is no sign of a fall. (Fig. 1). From 
this we conclude that lobeline is able to stimulate the C cells and produce a rise in blood 
pressure by the liberation of adrenaline but is unable to stimulate the D cells and so produce 
a fall in blood pressure in the presence of yohimbine. The experiments with the acetylcholine 
were repeated with tetramethylammonium chloride because this substance is also a quaternary 
compound and we had hoped that we would be able to duplicate the acetylcholine results. In 
no case was this so. The injection of this compound gave results more in keeping with those 
of nicotine than of acetylcholine, and in no case did we obtain a fall in blood pressure with 
tetramethylammonium chloride after nicotine or yohimbine. However, the result with another 
quaternary compound, quinine methiodide (Shaw et al., 1947), is different. In this case it is 
thought that quinine methiodide is able to stimulate only the D cells (it produces a fall in 
pressure) and that after large doses of nicotine these cells are paralysed and quinine 
methiodide has now no action on the blood pressure. 
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DISCUSSION. 


Very little claim for originality is made with regard to the observations in 
this paper ; some have been published before (Heffter, 1924b), but a search of the 
literature reveals very little information concerning the field covered by our 
results. It should be noted that Dale (1906) in his original work on the vaso-motor 
reversal action of ergotoxin states that the pressor effect of nicotine is reversed. 
These result$ were obtained with a decapitated animal, which is just the prepara- 
tion in which we could observe an abolition of the nicotine rise after yohimbine 
and the preparation in which we did obtain once or twice a fall with nicotine. 
Dale further states that it is much easier to produce the reversal in the cat than 
in the dog and our earlier results were mainly with the latter. 

The radical suggestion that there are two types of cells in the sympathetic 
ganglion is put forward tentatively. It is possible that there is some alternative 
explanation along classical lines to account for the fall in blood pressure produced 
by acetylcholine under the conditions of the experiments enumerated above. 
However, it is thought that most of the objections have been dealt with in the 
text. The authors hold that their conclusions are consistent with their own results 
and the work of others, especially that of Burn. Our results could well be con. 
sidered in the light of Burn’s finding, that adrenaline is liberated in the ganglion 
and plays an integral part in humoral transmission, and from the point of view of 
excitation and inhibition in general. 


SUMMARY. 


The rise in blood pressure produced by nicotine is abolished but not reversed 
by yohimbine. 

The rise in blood pressure produced by the nicotine action of acetylcholine 
is reversed by nicotine and yohimbine, this reversal is potentiated by cocaine. 

The effect of splanchnic stimulation is reversed by yohimbine. The above 
results have also been obtained after removal of the adrenal glands. 

From the above results and with other confirmatory observations of a pharma- 
ecological nature it is suggested that there are two types of cells in sympathetic 
ganglia, each of these innervates postganglionic fibres which liberate adrenaline 
at their endings, but in the one case vasoconstriction results and vasodilatation 
in the other. 
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THE PHARMACOLOGY OF QUININE METHIODIDE 
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Crum Brown was the first to compare the properties of alkaloids in which 
the nitrogen is in the tertiary form with their quaternary derivatives formed by 
the addition of, say, methyl iodide. In general the alkaloids lose their original 
pharmacological activity and acquire a curariform action (Ing, 1936). The 
transformation is not always complete and sometimes the substance retains a few 
of its original properties, a marked example of this being atropine, whose 
quaternary compound, eumydrine, still shows a remarkable resemblance to 
atropine. Accordingly it appeared to be of interest to compare quinine with its 
quaternary compound, especially since Harvey (1940) has shown that the latter 
possesses a curare-like activity and has suggested that it may replace tubocurarine 
as an adjuvant for anaesthesia.. 

It will be shown that while quinine methiodide (QMI) retains many of the 
properties of quinine, it also has a curare action on the neuromuscular junction 
and sympathetic ganglia. It is too toxic towards the respiratory centre to be 
used clinically, It may, however, provide another useful pharmacological test 
for adrenaline. 


EXPERIMENTAL. 


The action of QMI was investigated by means of standard pharmacological 
techniques, appropriate to each instance. 


Isolated Intestine of the Rat and Rabbit. 


QMI (1:5,000) caused a relaxation of the rat and rabbit intestine with a fairly slow 
tecovery to normal tone. When rhythmie contractions were present they were not abolished 
during the fall, though with large doses they were sometimes reduced in amplitude. Quinine 
had a similar but less marked action. Previous administration ef QMI did not affect the 
response of the intestine to acetylcholine or calcium. The calcium reversal is definitely not 
obtained as it is with quinine (Shaw, 1944). The nicotine contraction of the intestine was 
reduced or abolished after QMI. This is taken to mean that the QMI paralyses the ganglia 
in the plexus, an effect not given by quinine. A large paralysing dose of nicotine, which 
abolished the effect of subsequent nicotine doses, did not appear to affect the QMI relaxation. 
This action is, therefore, peripheral and localized on the muscle cell. 


1 This work was carried out with the aid of a grant from the National Health and 
Medical Research Council, 
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Voluntary Muscle. 


Rectus abdominus of Bufo marinus was used. Neither QMI nor quinine produced a 
visible effect on the muscle in a concentration as high as 1:500. The marked contraction 
given by acetylcholine was abolished by previous administration of QMI (1:5,000) and 
returned 5-10 minutes after washing out the QMI. When the acetylcholine contraction had 
been potentiated by eserinc QMI siill abolished the response. Similarly the contraction due 
to nicotine was abolished by previcus treatment of the muscle with QMI. The contraction due 
to potassium chloride was not abolished but iis slope reduced. 


Cardiac Muscle (Straub Preparation). 


: In contrast with smooth and voluntary muscle QMI was without effect on the strength 
or rate of contraction of the heart. Quinine (1:1,000) slowed and finally arrested the heart 
beat. 


Neuromuscular Transmission. 


Gastrocnemius-sciatie preparation of the toad and frog was used. A length of the sciatic 
nerve was soaked in a solution of QMI (1:1,000) for 50 minutes. Stimulation of the nerve 
in this region resulted in a contraction of the muscle. The whole preparation was now 
soaked in QMI and after 30-60 minutes’ stimulation of the nerve produced no response in 
the muscle. However, if the muscle were stimulated directly a yood response was recorded 
thus indicating that junctional transmission had been abolished. 

Soaking the nerve of a gastrocnemius-sciatie preparation in quinine (1:500) was without 
effect and soaking the whole preparation reduced only slightly the response of the muscle to 
stimulation of the nerve. 

The injection into the lymph 
sac of a frog of 1 mg./10 gm. 
QMI produeed paralysis, while 
a similar dose of quinine was 
without effect. 


Circulatory and Nervous 
Systems in the Cat and Dog. 


: a er Fig. 1. Dog. 8 kg. Nembutal. QMI, 30 mg. Between 
The intravenous injection of A and B 60 mg. QMTI in 2 doses within 30 mins. Time 
20 mg./kg. QMI produced a fall half minutes. (all Figs.). 


in blocd pressure and about 2 

10 p.c. decrease in heart rate. (Fig. 1). Quinine behaved similarly. The fall in blood 
pressure was not affected by atropine. If the dose of QMI were repeated several times the 
succeeding falls were reduced and eventually abolished. 

The fall in blood pressure was never adequately explained. As we shall see later a 
possible explanation is that QMI stimulates only the cells in the sympathetic ganglia that 
innervate depressor fibres and the abolition of the effect of QMI by itself is due to its 
eventually paralyzing these cells. Against this is the fact that if the fall is due in the end 
to adrenaline it should be enhanced by cocaine; this is not so. Cocaine if anything lessens the 
fall due to QMI. The effect of vagal stimulation was abolished by 5 mg./kg. QMI but the 
action of acetylcholine was not. The abolition of vagal activity is very easily produced and 
with great constancy. The dose of QMI is relatively much less than for its other actions. 

This is taken to mean that the vagal ganglion is blocked and not that QMI has an 
atropine action, In an atropinized animal a large dose of acetylcholine produces a ‘‘nicotine’’ 
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BP He. 


Fig. 2. Dog. 7 kg. Nembutal. R.V. = Right vagus. L.V. = Left vagus. 
Ach. 0-5 ml. 1 in 50,000. QMI 5 mg. Between A and B 10 mins. 


Fig. 3. Dog. 10 kg. Nembutal. Atropine. 2 mg., Ach. 5 mg., QMI 50 mg. 
Between A end B 16 mins. 


BP [OO mmHy 


Fig. 4. Cat, 3 kg. Decapitate. Nic. = Nicotine 0-5 mg., QMI 30 mg. 
Between A and B 8 mins. 


rise in blood pressure; this rise is abolished if paralyzing doses of nicotine are given. QMI 
likewise paralyzes the ganglion and not only abolishes the rise due to the nicotine action of 
acetylcholine but changes it to a fall. (Fig. 3). 

The significance of this reversal is dealt with in another paper (Shaw et al., 1948). As 
would be expected from the above results the rise due to nicotine itself is not abolished but 
only lessened. (Fig. 4). 


; A B 
BP He 
Ach Ach Ach 
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Time. 
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After large paralyzing doses of nicotine the fall in blood pressure due to QMI was 
greatly reduced and in two cases out of four was almost abolished, (Fig. 5). 

After QMI the rise in blood pressure produced by adrenaline was unaltered in height but 
markedly more sustained. When the adrenaline response has been reversed by yohimbine 
the fall is lessened by QMI. An interesting result was obtained with those cats which gave 
a fall in blood pressure with all doses of adrenaline (Shaw, 1945). In this case the fall 
was lessened after QMI and after three doses of adrenaline a rise was produced. This rise 
could now only be abolished and not reversed by yohimbine. This result is consistent with 
what goes before because the cat was still under the influence of QMI which antagonizes the 
depressor action of adrenaline. (Fig. 6). On the perfused hind limb QMI will increase the 
flow by about 5 p.e. 


Fig. 5. Dog. 10 kg. Nembutal. QMI 50 mg. Nic. = Nicotine 2 mg. Between 
A and B 20 mg. of Nicotine given in 24 hours, 


Fig. 6. Cat. 2 kg. Nembutal. Ad = Adrenaline 0-03 mg. Between 
A and B 65 mg. of QMI in two doses. Between B and C 1-5 mg. of 
Yohimbine. 


Respiration in the Cat and Dog. 

Intravenous doses of as low as 10 mg./kg. nearly always resulted in immediate cessation 
of respiration, this was due to direct central action as the effect was immediate and simul- 
taneous stimulation of the sciatic showed that at this period paralysis had not set in, 
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DISCUSSION. 


The results show that QMI has retained some of the properties of quinine 
and has, in addition, acquired a moderate curariform action, and in this respect 
resembles the change which occurs on conversion of atropine to eumydrine. 

In the light of our results the conclusion of Hiat et al. (1945), that quaternary 
nitrogen derivatives of quinine exert a paralytic effect on vagus neuromuscular 
junctions, similar to that on skeletal neuromuscular junctions, needs revision. 
These authors did not observe that acetylcholine was still active after quinine 
methochloride, and while this does exclude the possibility that the postganglionic 
fibres are blocked, our results show definitely that the preganglionic endings are 
the site of action. In no case did we find that QMI antagonized the action of 
acetylcholine, as Stavraky (1933) and Starr (1936) found in certain cases for 
quinine and acetylcholine. 

The fall in blood pressure due to the QM1 is difficult to explain. The slight 
decrease in heart rate may account for it. A possible explanation is that QMI 
stimulates only those cells in the sympathetic ganglion which innervate the fibres 
causing a relaxation of the blood vessels. Evidence for this is twofold. Firstly, 
paralyzing doses of nicotine lessen the fall due to QMI, and secondly, the fall is 
lessened by repeated doses of QMI, as if the drug itself were paralyzing the cells 
in the ganglion. That it has this property is shown by the fact that it lessens 
the stimulating action of nicotine and acetylcholine on the ganglion. Evidence 
for the unusual assertion that there are two types of cells in the ganglion, one 
innervating those fibres which liberate adrenaline and so constrict the vessels, and 
another, innervating fibres which liberate adrenaline but dilate the vessels, is 
presented more fully in another paper (Shaw ef al., 1948). Finally, QMI 
has a slight peripheral vasodilator action ; it slightly increases the flow through the 
perfused hind limb. 

The most interesting action of QMI is that it weakens the depressor action of 
adrenaline and in this respect is the complement of yohimbine and ergotoxine. 


SUMMARY. 


The quaternary derivative of quinine, quinine methiodide, possesses some of 
the properties of quinine and in addition is able to abolish neuromuscular and 
synaptic transmission. 

It can lessen the fall in blood pressure by the ‘‘ vasomotor reversal’’ action 
of adrenaline and so is the complement of yohimbine and ergotoxine. 

Because of its extreme toxicity towards the respiratory centre, it would be 
an unsuitable clinical substitute for curare. 


at 
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It has been shown (Trethewie, 1939) that much histamine is liberated by 
the venom of the Australian black snake, Pseudechis porphyriacus. Now, while 
this venom is coagulant, heparin treatment does not result in a lowering of mor- 
tality in mice (Trethewie and Day, 1947). It was shown by Bovet and Staub 
(1937) that thymoxyethyldiethylamine is an anti-histamine drug; and Staub and 
Bovet (1937) showed that thymoxyethyldiethylamine inhibits anaphylactic shock. 
In 1943 Trethewie showed that phosgene caused the liberation of histamine and 
that thymoxyethyldiethylamine reduced the mortality of guinea-pigs when in- 
jected following exposure to phosgene (Trethewie, 1947), but pointed out that 
this drug was highly toxic for man as was already known. Neo-antergan, an 
anti-histamine which has not this drawback of toxicity, has been prepared by 
Horclois (Bovet and Walthert, 1944). It was, therefore, thought worth-while to 
test the effect of neo-antergan in reducing the mortality from black snake venom. 


METHOD. 

Venom, 

The venom used was that of the Australian black snake (Pseudechis porphyriacus) 
prepared at the Walter and Eliza Hall Institute, Melbourne. 
Heparin. 

The heparin used was ‘‘ Roche’’ ‘‘ Liquemin’’ (1,000 colourimetric U/ml.) in experiments 
on the circulation in cats, and ‘‘ Boots’’ (80 U/mg.) in experiments on mice. 
Neo-antergan. 

Neo-antergan (N-dimethy] amino ethyl N-methoxy benzyl a-amino pyridine) was obtained 
from Dr. A. W. Turner cf the C.S.I.R., Melbourne. 
Venom Injections in Mice. 


Mice (15-24 gm.) were injected subcutaneously with venom dissolved in Tyrode. The 
dose of venom varied with the weight of the mouse. Preparations of therapeutic agents were 
similarly dissolved and injected after the injection of venom, when given. Since mice die 
within eighteen hours if the effect of Pseudechis porphyriacus venom is fatal, animals which 
survived were killed after forty-eight hours. The findings were examined statistically. 


1 This work was aided by a grant from the National Health and Medical Research Council. 
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Experiments on the Circulation. 


Cats (2-9-4-4 kg.) were induced under chloroform-ether anaethesia and then injected 
with 22-35 mg. pentothal/kg. i.v. in divided doses. 

Under artificial ventilation the carotid pressure was recorded with the vagi cut. Injections 
were made into the femoral vein. The femoral nerve was cut. In all cats except one, the 
pulmonary artery was cannulated and the pressure recorded as described by Kellaway and 
LeMessurier (1936). 


EXPERIMENTAL. 
1. The Effect of Neo-antergan on the Mortality of Mice Injected with Venom: 


Forty mice were obtained and injected with 1-1 mg./kg. Pseudechis porphyriacus venom 
suheutaneously. Twenty of the mice reecived an injection of 50 mg./kg. neo-antergan subeu- 
taneously. Twenty mice were injected with Tyrode. Ten of the untreated mice died (mortality 
50 p.e.) and thirteen of the treated died (mortality 65 p.c.). Thus there was no reduction of 
mortality following treatment with neo-antergan. 

Since this venom is powerfully haemolytic and causes the liberation of much 
histamine, it was thought that perhaps the lack of effect was due to the fact that 
mice are very insensitive to histamine and it was possible that other haemolytic 
effects were causing death. There was insufficient venom to test this hypothesis 
on another animal and, since the venom is coagulant, it was considered worth- 
while to test the combined effect of heparin and neo-antergan on mortality. 


2. The Combined Effect of Neo-antergan and Heparin on the Mortality of Mice Injected with 
Venom. 


A group of forty mice were obtained and injected with 1-35 mg./kg. venom subcu- 
taneously. Twenty mice were injected with 50 mg./kg. neo-antergan subcutaneously and 
13°5 mg./kg. heparin subcutaneously. Twenty mice were injected with Tyrode. Only one 
mouse died in the treated group (mortality 5 p.c.) while six mice died of the untreated 
(mortality 30 p.c.). The probability of this occurring by chance is only 0-04, thus the 
treatment has reduced the mortality significantly. Forty-four mice, which were injected 
previously with this dose of venom from the same batch, gave a mortality of 59 p.c. When 
this group is combined with the control group above the mortality becomes 50 p.c. This 
increases the statistical significance greatly. The mortality of mice receiving heparin and 
venom simultaneously was 71 p.c. (24 animals). These findings are recorded in Table 1. 


It might be thought extraordinary that neo-antergan alone, which produces a 
mortality of 65 p.c. (1-1 mg./kg. venom) against a mortality of 35 p.c. (1-1 mg./kg. 
venom) when untreated, should reduce the mortality for 1-35 mg./kg. venom 
from 50 p.c. to 5 p.c. when combined with heparin. This is possibly due to the 
coagulant effect of the venom which, when heparin is not used, disallows the 
entry of neo-antergan into minute vessels. It is, of course, in the region of the 
minute vessels and the parenchyma that the histamine is liberated since this 
region yields the histamine. This has been shown in the case of the lung (Kella- 
way, Holden and Trethewie, 1938) where small shavings of the peripheral part 
of the lung were shown to have the histamine removed following the effect of 
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radiant energy. Also in pneumonia it was shown (Trethewie, 1945) that hista- 
mine is liberated into the tissue spaces to a greater extent than into the vessels. 
Also with the injection of Pseudechis porphyriacus venom into the dog lung, it 
was found that if the lung were not hyperventilated the output of histamine was 
greatly reduced and it could be brought out at a late stage in the experiment 
when the lung showing oedema was hyperventilated. In an experiment of this 
type a very small output of histamine only was obtained but following hyperven- 
tilation the perfusion fluid became rich in histamine. Therefore it is not sur- 
prising that if the small vessels are occluded by coagulation neo-antergan cannot 
get into the vicinity of the tissue spaces. Presumably histamine diffuses into the 
region of the vessel wall to produce histamine effects and neo-antergan is unable 
to arrive at the biologically active site. 


TABLE 1. 


Response of mice to treatment with heparin and neo-antergan ofter the injection of 
Pseudechis porphyriacus venom subcutaneously. 


Neo- 
Venom Heparin antergan P.e. 
Experiment. (mg./kg.). | (mg./kg.). | (mg./kg.). Died. Lived. Mortality. 
a 1-1 _ _ 14 26 35 
b 1-1 — 50 13 7 65 
1-35 — 32 32 50 
d 1-35 13-5 —_ 17 7 71 
e 1-35 13-5 50 1 19 5 
t — 17 3 85 
g 3-6 9 1 90 
h 1-8 12 _ 9 1 90 


Further, Dragstedt, Wells and Rocha e Silva (1942) have brought forward 
evidence that heparin inhibits the release of histamine by various injurious 
agents. If this is also true of Pseudechis porphyriacus venom it may account in 
part for the potentiating effect of heparin when used with neo-antergan. How- 
ever, if it were the whole story in this work, no explanation is given of the failure 
of neo-antergan alone to lower mortality, an explanation for which has already 
been mooted above. The coagulant effect of the venom has complicated matters 
in this investigation and in fact the mortality of animals subjected to treatment 
with heparin was greater (though not significantly) than that of animals re- 
ceiving the same dose of venom alone (Table 1). 


3. The Effect of Pseudechis porphyriacus Venom on the Carotid and Pulmonary (Arterial) 
Pressures of the Cat. 


Two cats were prepared under ether-chloroform induction and pentothal anaesthesia and 
the pressure in the carotid and pulmonary artery (left) recorded. The vagi were cut, the 
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femoral vein was cannulated and the femoral nerve cut. In one cat (4-1 kg.) 0-73 mg. per 
kg. of venom was injected into the femoral vein and the carotid blood pressure fell. The 
blood in the pulmonary cannula then clotted and the pulmonary pressure was, therefore, not 
able to be recorded (Fig. 1, left-hand panel). In view of the insensitivity of the mouse to 
histamine, and the value of antihistamine treatment, it was considered worth-while to determine 
if the histamine effect was a general one and not confined to one species. It was, therefore, 
considered advisable to determine if histamine liberation effects were produced in the cat. A 
rise in the pulmonary pressure following the injection of venom might suggest the release of 


Fig. 1. Carotid and pulmonary arte- 
rial pressure records. Left-hand panel: 
Responses obtained from a cat weighing 
4-1 kg. Upper record: Carotid pressure; 
lower record: Pulmonary pressure. At 
the arrow 3 mg. black snake venom 
injected into femoral vein. Right-hand 
panel: Pressure records from cat weigh- Fig. 2. Carotid and pulmonary pressure recording 
ing 4 kg. Upper: Carotid; lower: Pul- from a heparinized cat weighing 3-6 kg. At the arrow 
monary record. Blood pressure in mm. 3 mg. black snake venom injected. B.P. mm. Hg., time 
Hg., time in minutes, details in text. in minutes, details in text. 


histamine. A second cat (4 kg.) was injected with 1-13 mg./kg. venom into the femoral vein 
and the findings were similar. These are recorded in Fig. 1 (right-hand panel). At the 
arrow 4:5 mg. venom were injected. The blood pressure fell from 64/60 to 28 mm. Hg. in 
seven minutes. The pulmonary pressure record after an initial rise then flattened owing to 
clotting. 


It is evident that the clotting effect of the venom makes vascular recording 
difficult and, therefore, further tracings were made after the injection of heparin. 
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4. The Effect of Pseudechis porphyriacus Venom on the Carotid and Pulmonary (Arterial) 
Pressures of the Heparinized Cat. 


Two cats were prepared as before. In one cat (3°5 kg.) 0°15 ml. (150 units) heparin 
was injected into the vein three times at intervals of two minutes. 1 mg./kg. of venom was 
injected into the femoral vein and the systemic pressure, after an initial rise (volume effect) 
fell from 86/80 to 58/56 mm. Hg. The pulmonary pressure rose from 29/24 to 31/29 mm. Hg. 
after an interval of half a minute following injection. Another cat weighing 3-6 kg. was 
similarly treated and 0-45 ml. (450 units) heparin was injected. Following the injection of 
0-83 mg./kg. venom, the systemic pressure fell from 60/52 to 32/29 mm. Hg. in eighteen and 
a half minutes. The pulmonary pressure, after an interval of thirty-five seconds, rose from 
22/18 to 26/23 mm. Hg. and returned to normal after an interval of one and a half minutes. 
This tracing is recorded in Fig. 2. At the arrow 3 mg. of venom were injected. The upper 
tracing shows a fall of carotid pressure and the lower a temporary rise of pulmonary pressure. 
Then both gradually declined. 


Fig. 3. Carotid and pulmonary pressure records from a cat weighing 4-4 kg. 
after heparinization and the injection of 25 mg. Neo-antergan iv. At the arrow 
4-4 mg. black snake venom injected. Upper record: carotid pressure; lower record: 
pulmonary pressure. B.P. mm. Hg., time in minutes, details in text. 


5. The Effect of Pseudechis porphyriacus Venom on the Vascular Responses of the Heparinized 
Cat following the Injection of Neo-antergan. 


One cat weighing 4-4 kg. was prepared as before and 600 units (0-6 ml.) of heparin 
injected into the femoral vein. 20 mg. of neo-antergan were next injected and this was 
followed by syncope. Following revival a further 5 mg. of neo-antergan were injected without 
any untoward effect. 1 mg./kg. venom was injected into the femoral vein and after an initial 
rise the carotid pressure fell. After an interval the pulmonary pressure rose from 20/14 to 
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34/28 mm. Hg. (a considerable elevation). The pressure returned to normal after five and a 
half minutes following injection. These findings are recorded in Fig. 3. At the arrow 4-4 mg. 
venom were injected and the upper tracing shows a preliminary rise and then a slight fall in 
the carotid blood pressure, and the lower tracing shows a rise in the pulmonary pressure. 

Though the anti-histamine effect of 25 mg. neo-antergan is considerable there 
was an even greater rise of the pulmonary pressure in this experiment than in 
either experiment (Section 4) when no neo-antergan was injected. It had been 
suggested (Feldberg and Kellaway, 1937a) that the pulmonary pressure rise with 
copperhead venom may be due to the liberation of histamine. Owing to these 
findings this seems debatable in the case of Pseudechis porphyriacus venom. It 
is possible the temporary rise in the pulmonary pressure is due to banking up 
of blood in the left auricle following the fall of carotid pressure if this is related 
to a cardiac effect. This increased volume would then be associated with an 
increased volume in the pulmonary bed and owing to the lack of onward flow, be 
associated with a rise in the pulmonary arterial pressure. Soon such a state of 
affairs would right itself as the distribution was equalized and the pulmonary 
pressure would fall. This actually occurs. However, Feldberg and Kellaway 
(1937b) have excluded this possibility with regard to cobra venom. 

In a further experiment 80 mg. neo-antergan were injected into the femoral vein prior to 
injecting 1 mg./kg. venom in a heparinized cat (2-9 kg.). The pulmonary rise still occurred. 

In another experiment a eat (3-5 kg.) was prepared, the carotid blood pressure recorded 
and the femoral vein cannulated. The vagi and the femoral nerve were cut. Following the 
injection of 40 mg. neo-antergan into the femoral vein the response to 1 ml. 1:400,000 
histamine was almost abolished and following a further injection of 22 mg. neo-antergan the 
response to 1 ml. 1:400,000 histamine was entirely abolished. 

Except that histamine locally liberated may be protected from the effect of 
neo-antergan, it seems unlikely that the pulmonary pressure changes are due to 
a histamine effect, and if so must be related to some other activity of the venom. 
Further, it is to be noted that there was no progressive decline in the pulmonary 
pressure rise when 25 and then 80 mg. neo-antergan were given prior to venom 
injection. In fact, the response after treatment was greater than the control with- 
out the treatment. 


DISCUSSION. 


In therapeutic measures designed to reduce mortality from various injurious 
agents when the attack is directed against pharmacologically active substances 
liberated it is necessary not only to know which substances are formed or liberated, 
but also the ones that are responsible for death. For example, with regard to 
venoms, some seven pharmacological effects have been investigated. The findings 
are tabulated in Table 2. Cobra venom causes the liberation of acetylcholine, 
adenyl compounds, deaminating enzyme, histamine and 8.R.S. (slow-reacting 
substance, which is also formed). Copperhead venom causes the liberation of 
histamine and S.R.S. and black snake venom the liberation of histamine and 
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S.R.S. and is also coagulant. Similar effects are produced by death adder and 
bee venom. Undoubtedly these venoms cause the liberation of some substances 
other than those indicated. Cobra venom has been more fully investigated than 
the remainder (Feldberg and Kellaway, 1937b, 1938; Feldberg, Holden and 
Kellaway, 1938; Kellaway and Trethewie, 1940a). Of these substances S.R.S. 
is possibly not a lethal substance, and can probably be discounted since large 
doses injected in the intact animal produce little harmful effect even with an 
impure sample (Kellaway and Trethewie, 1940b). Acetylcholine is rarely con- 
sidered to produce greatly harmful effects; for example, it is doubtful if vagal 
stimulation can cause death. Most effects of acetylcholine can readily be in- 
hibited by atropine if necessary. Adenyl compound is rapidly acting. Enzymes 
in the plasma and elsewhere rapidly remove it and there may be other methods 
of removal. Apart from the coagulant and the feebly-neurotoxie effects of black 
snake venom the only remaining agent likely to produce injury is liberated hista- 
mine. Therefore, it seems a reasonable therapeutic procedure to treat poisoning 
by black snake venom with histamine inhibitors. With this in mind, in the experi- 
ments recorded in this paper, mice have been injected with black snake venom 
subcutaneously at the l.d.;y range. These findings are recorded in Table 1 (b.). 


TABLE 2. 


Pharmacological effects of venom. 


Active substance liberated. 


| 
Adenyl | Deamin-| 
Acetyl- | com- afing | Hista- 


choline. | pound. ‘enzyme. | mine. 


Cobra + > 1 = 
Copperhead | 
Black Snake 
Death Adder | 


+ 


It is noted that the mortality in mice is less with venom injected alone than 
when injected with venom and anti-histamine; though it is not statistically dif- 
ferent. A further analysis of the effect of black snake venom is, therefore, neces- 
sary to determine the reason for these findings unless our earlier premise con- 
cerning histamine be incorrect. In Fig. 4 the pharmacological action of black 
snake venom is indicated. Phosphatidases split oleic acid from lecithin and form 
lyso-lecithin. From the work of Feldberg and Kellaway (1938) and Feldberg, 
Holden and Kellaway (1938) most of the effects of cobra venom can be related 
to the pharmacological effects of this new formed substance. Further confirma- 
tion of this thesis was indicated by the investigation of Australian snake venoms 
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which produced evidence that there was a parallelism between the haemolytic 
activity and the liberation of histamine (Trethewie, 1939). We then have the 
following four activities probably mediated by lyso-lecithin; haemolysis, hista- 
mine liberation, liberation of protein and liberation (and formation) of S.R.S. 
(Fig. 4). Also, we have the coagulant effect of this venom producing clotting. 


VENOM 


idase Coagulent 


Lyso-lecithin 


Haemolysis Fitsteming Protein SRS 
Heemolysis Histamine Protein SRS Clotting Neo-entergan Heparin 


Fig. 4. 


Fig. 5. 


We may then simplify the scheme with regard to the venom as in Fig. 5. It was 
noted that the inhibition of histamine activity alone was ineffective in reducing 
mortality, and reducing the clotting power with heparin was also ineffective 
(Table 1, f, g, and h). For the reasons advanced above 8.R.S. has been considered 
unlikely to cause death and considerable haemolysis can occur without death and 
unless the protein liberated contains the responsible agent, some combination of 
the agents might be responsible either potentiating their effects or disallowing 
the effect of an inhibitor. Evidence has been brought forward in shock that a 
protein fraction is toxie (Aub. et al., 1945) but in this paper it was found that 
when the clotting effect and the histamine effect were concurrently inhibited 
(Table 1 (e)), the mortality was greatly reduced. This confirms the original sug- 
gestion that histamine is the killing agent in poisoning with this venom. It seems 
likely, especially remembering that considerable amounts of histamine are liber- 
ated by black snake venom (Trethewie, 1939) that the reason for the favourable 
effect with neo-antergan and heparin is that heparin allows the smaller vessels 
to remain patent so that the neo-antergan can produce this effect. This sugges- 
tion has already been amplified in Section 2. 

While it was not possible to investigate the vascular effect with the venom 
adequately, especially on the pulmonary pressure in the intact cat owing to clot- 
ting, it was possible to investigate the pressure changes following heparinization. 
It was found that the systemic pressure fell and the pulmonary pressure rose 
after a delay and then gradually returned and later fell below the original level. 
Since this effect was not abolished or diminished by neo-antergan, it is unlikely 
that the effect is due to histamine. Feldberg and Kellaway (1937b), brought 
forward evidence that the pulmonary pressure rise with cobra venom was not 
due solely to the liberation of histamine but that there evidently was a direct 
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effect on the pulmonary vessels. In the case of black snake venom we suggest 
that the liberation of histamine produces a negligible effect on the pulmonary 
pressure for the reasons stated above and that the rise of pressure may either 
be a cardiac effect or is due to a direct pulmonary constrictor effect. In any 
ease, this activity is evanescent with the doses used and is not important in 
determining death. 


SUMMARY. 


It was found that neo-antergan injected subeutaneously into mice after the 
previous injection of Pseudechis porphyriacus venom subcutaneously did not re- 
duce mortality. 

Neo-antergan when injected with heparin into mice reduced the mortality 
following the injection of venom from 50 to 5 p.e. 

A rise of pulmonary arterial pressure was detected in the cat following the 
injection of this venom but this rise was not affected by previous treatment with 
neo-antergan. 

The significance of these findings and the réle of this form of treatment has 
been discussed. 
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LONGEVITY OF TOBACCO MOSAIC VIRUS 
PART I. JN VITRO LIFE OF THE PURE VIRUS IN BUFFER SOLUTION AT pH 4+. 


by RUPERT J. BEST 
(From the Waite Agricultural Research Institute, University of Adelaide). 


(Accepted for publication, 4th November, 1947.) 


Apart from the intrinsic interest of a knowledge of the longevity of pure 
preparations of a virus, it is of considerable value to be able to use a stock 
solution or suspension of the virus for various experimental purposes, knowing 
that the infectivity of the sample used over a period of years remains unaltered. 

Various investigators have observed that tobacco mosaic virus remains 
infective for relatively long periods. For example, Henderson Smith (1928) 
found that tomato mosaic in filtered juice remained infective after storage ‘‘for 
one year or more’’ in subdued light, and Kenneth Smith (1932) found that the 
mosaic component of a ‘‘stripe’’ disease remained viable for some months. But 
the only quantitative work so far recorded seems to be that of Holmes (1928), 
who tested the infectivity of samples of juice from mosaic infected tobacco plants. 
Holmes found that the original juice lost 98 p.c. of its infectivity in one month 
at 22° C. and 85 p.c. in one and a half months when stored in a frozen state. 
He concluded that his experiments indicated ‘‘that a virus does not retain all its 
strength over long periods of time’’ and that further work would be necessary 
‘*before an unchanging virus can be secured by any method of storage.”’ 

In the previous paper (Best, 1948) the author has shown that when pure virus 
is stored in solution in water at concentrations between 0-5 and 1 p.c., the 
infectivity per unit weight remains constant over a period of years. 

In 1935 the author prepared solutions and suspensions of pure tobacco 
mosaic virus as well as solutions of infective juice in buffers of various pH values. 
The infectivity of these preparations has been tested at intervals ever since. 
There has been a falling off in infectivity of all but one of these preparations. 
The tests are still in progress and will be reported more fully later. The present 
paper records the results of tests on the sample whose infectivity has remained 
unchanged during the past twelve years. 


THE GENERAL PLAN. 


At the time this experiment was begun, nothing had been published on the 
real nature of any virus, and, although the author’s work up to that time led him 


1Glasshouse facilities and part of the cost of these investigations were supplied by 
the Ccuncil for Scientific and Industrial Research. 
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to conclude that tobacco mosaic virus was a complex protein, there was no proof 
that his isoelectrically precipitated virus was a single protein species pure enough 
to use as the basis for preparing standard virus solutions by which changes in 
infectivity could be judged. 


(1) 


(2) 


(3) 


The only methods available were the following: 


Testing of infectivity per unit weight of a number of virus samples prepared 
over a long period. This approach had to wait until there was a reasonable 
assurance that the several preparations were as pure as they could be made. 
This method was actually used later and the results as recently published 
(Best, 1948) led to the conclusion that the infectivity per unit weight of the 
pure preparations remained constant over a period of nine years. 


A second method is based on comparative infectivity tests as determined 
by the number of primary lesions produced on plants such as Nicotiana 
glutinosa. The variation of susceptibility from plant to plant in any one 
batch can be reduced to negligible proportions or can be evaluated by using 
a sufficient number of replicates in a properly designed arrangement, but 
there is no known way of correcting for the variation in susceptibility 
between batches of plants raised at different times of the year when differences 
in factors such as light intensity, temperature and length of day are known 
to cause differences in susceptibility. 

However, it is reasonable to assume that when taken over a period of 
years these variations would fluctuate about a mean value and that changes 
in the infectivity of a particular preparation would be demonstrated by an 
upward or downward trend in the graph relating number of lesions with 
time, if the time scale extended over a period of years. 

This method was therefore adopted as the only one which was immediately 
available at the outset of the experiment. 


Once it had been established that standard solutions of the pure virus 
prepared at different times from different plants had the same infectivity 
per unit weight, a third method of testing the constancy of the infectivity of 
a particular preparation became possible. Standard solutions of one or 
more of recently prepared samples of pure virus were used as the basis of 
comparison with the test preparation by the opposite half-leaf method. From 
the ratio of the lesion numbers and the known concentration of virus in the 
standard, the infectivity of the test preparation could be expressed in terms 
of milligrams virus per millilitre. 


EXPERIMENTAL METHODS. 


Source of Virus. 


Plants of Nicotiana tabacum, var. Blue Pryor were artificially infected with ordinary 


tobaceo mosaic (Johnson’s No, 1) in February, 1935. The infected plants were removed from 
the glasshouse on July 29, 1935, and the leaves were crushed by hand pestle in a mortar. 
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The juice was expressed by hand through muslin and was allowed to stand for 30 hours at 
room temperature. It was then centrifuged for one hour at about 1,500 g. The clear trans- 
parent supernatant liquid, deep port wine red in colour, was decanted and stored in a 
refrigerator at 1° C. Immediately after centrifuging (on July 30) aliquots of the clarified 
juice were withdrawn and added to buffer solutions of pH 7 to give inocula with juice 
concentrations of one in 1,000 and one in 2,000 respectively. 


Comparative Infectivity Starting Point (Method 2). 


The above inocula were then applied to leaves of Nicotiana glutinosa plants trimmed to 
four leaves per plant. The two inocula were compared by the opposite half-leaf method 
described in previous papers. As all subsequent measurements of infectivity were to be 
based on a comparison between the number of lesions produced then and the number produced 
at this first inoculation, and because the susceptibility of test plants was known to vary with 
age, three batches of N. glutinosa plants were selected as follows: one batch which from 
experience was considered to be at the most suitable stage for quantitative infectivity assays, 
a second batch which had been potted a week earlier, and a third batch which had been potted 
a week later than the first batch. This third batch of plants was the youngest which could be 
used at this time of the year for this type of experiment. Actually the first and second 
batches yielded about the same number of lesions per leaf and the third batch gave about 
three times as many as either of the other two (Table 1). In practice it would be a matter 
of chance as to whether a batch selected for experiment would be comparable with the second 
or third batch or with some intermediate stage. The average of the number of lesions given 
by the second and third batches was, therefore, used as the standard of reference (i.e., 20 
lesions per half leaf at an equivalent juice concentration of 1 in 1,000. 


Preparation of Pure Virus for Longevity Tests. 


On August 1, the virus was separated by precipitating it at its iso-electric point (Best, 
1935, 1936) from four 10 ml. aliquots of clarified juice using 0-05 M acetic acid as precipitant. 
The four lots of virus were collected by centrifuging at 1,500 g. and each of three was taken 
up in 100 ml. of composite buffer solution (phosphate, phthalate, borate) of pH 2-8, 4-0 and 
7-0 respectively. The fourth was taken up in 100 ml. phthalate buffer solution of pH 3°4. 
Each of these solutions (or suspensions) thus contained virus precipitated from 10 ml. of 
clarified juice. They are, therefore, referred to as having an equivalent juice concentration 
of one in ten. These pH values were chosen in order to get some on both sides of the iso- 
electric point as well as one at this point. The virus formed colourless stable sols in the 
buffers of pH 2-8 and 7-0 but formed unstable suspensions in the buffers of pH 3-4 and 4-0 
in the sense that the virus slowly settled on the bottom of the containers as a clean, white 
deposit from these latter suspensions. 


Measurement of Infectivity. 


Method 2. At suitable intervals of time aliquots were withdrawn from the stock solutions 
(and suspensions) of pure virus and were added to buffer solution of pH 7 to prepare inocula 
with an equivalent juice concentration of one in 1,000 or one in 2,000. In the case of the 
suspensions care was taken to disperse the virus by vigorous shaking so that a representative 
sample was withdrawn. These inocula were then applied to N. glutinosa planis as previously 
described. In some assays a uniferm batch of test plants was divided into as many groups 
as there were test systems and one test inoculum was applied to both sides of all leaves of 
plants within its group. At other times the various inocula were applied against each other 
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by using incomplete block, Latin square or other arrangements with, in addition, one inoculum 
acting as a common control. The results for one of the test suspensions (PV4) are set out in 
Table 2 and Fig. 1A. In all cases the infectivity has been expressed as lesions per half-leaf 
at an equivalent juice concentration of one in 1,000. 


St 
[virus] 
” a 
23 


10 20 30 40 SO 60 70 80 90 100 110 120 130 140 
AGE OF VIRUS SUSPENSION (MONTHS) 


Fig. 1. Illustrating the constancy of infectivity of a suspension of pure 
tobacco mosaic virus nucleoprotein in buffer solution at pH 4 over a period of 12 
years. 


Method 3. When the constancy of the infectivity per unit weight of solutions of pure 
virus harvested at different times appeared to be established direct comparisons were made 
between the test systems as described above and one or more solutions of pure virus of known 
virus content. The standard virus solutions were made up mainly from samples 1938/A and 
1944/1 with occasional use of samples 1940/12 and 1944/2 (for comparison of infectivity per 
unit weight of these samples, see Best, 1948). The standard inocula were usually made up to 
contain 1 x 10-6 gm. virus per ml. (on a dry weight basis). Occasionally a standard solution 
of twice this strength was used. The lesion numbers are recorded in Table 2 as lesions per 
half-leaf at a virus concentration of 1 X 10-6 gm. per ml. From the known cencentration of 
virus in the standard and the ratio of the number of lesions produced by test and standard it 
is possible to calenlate the actual concentration of infective virus in the stock solutions from 
which the test inocula were prepared. The values so cbtained for one sample (PV4) are 
recorded in the last column of Table 2 and are plotted against time in Fig. 1B. Since the 
concentration of virus in the stock test solution was one-tenth of what it was in the original 
juice this latter concentration would be ten times the value recorded in the last column of 
Table 2. 


Number of Replicates, etc. 


Each entry for the lesion number per half-leaf recorded in the third and fourth columns 
of Table 1 is based on not less than 20 replicates. Most entries are based on either 32 or 64 
replicates and some on 40, 48 or 60 replicates. The total number of lesions from which the 
average lesion numbers were derived varied from a minimum of 155 to a maximum of 2,203 
for a single entry. 

Sterile pipettes were used to withdraw aliquots for testing but no other special precautions 
were taken to prevent bacterial contamination. 
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TABLE 1. 


Infectivity of clarified juice from mosaic infected tobacco plants as measured 30 hours 
after expressing the juice and two days before preparing solutions of pure virus from it. 
(Juice expressed on July 29, 1935. Numbers refer to average number of primary lesions 
produced by lightly rubbing the inocula on to leaves of Nicotiana glutinosa. Inocula at 
equivalent juice concentrations of one in 1,000 and one in 2,000 were compared by the opposite 
half-leaf method). 


| Lesions per half-leaf. 
Plants. | [Juice] = 1/1,000 [Juice] = 1/2,000 
| 
Batch A 9-0 4-2 
Batch B (1 week younger than A) | 8-2 5-6 
Batch C (2 weeks younger than A) 31-6 17-6 


The results of subsequent infectivity tests with a sample of pure virus stored in buffer 
solution at pH 4 (designated as PV4) are set out in Table 2. 


TABLE 2. 


Illustrating the maintenance of infectivity of pure tobacco mosiac virus nucleoprotein 
(PV4) when stored in suspension at 2° C. in a buffer solution of pH 4 for a period of twelve 
years (July, 1935 to October, 1947). 


Lesions per half-leaf (N. glutinosa). 
Control Caleulated [virus] 
PV4 at equivalent | with [virus] = |of PV4 as mg./ml. 
Date of test. Age in months. | [juice] = 1/1,000.| 1 X 10-6 gm./ml.| in the stock. 

30/7/35 eC 20 = mean of batches B and C of Table 1 
18/9/35 1:5 34 -- 
18/12/35 4-5 15 
13/11/36 15-5 19 — 
12/6/37 22°5 33 — 
17/12/37 28-5 33 
9/3/39 43°5 21 7-1 0-30 
29/11/39 2 30 8 0-37 
25/10/40 63 10 3 0°33 
24/12/40 65 26 10 0-26 
1/12/42 88 26-4 8-8 0-30 
11/12/42 88-3 24 8 0-30 
21/12/43 100-7 51-4* 16-5 0-31 
7/11/44 1ll 15-4* 6-7 0-23 
22/11/44 111-7 41* 18 0-23 
11/4/45 116-2 58* 17°5 0-33 
15/11/45 123°5 50* 17-3 0-29 
29/11/46 136 16-8* 5 0-34 
20/9/47 145-7 7-6* 2-42 0-31 
10/10/47 146-3 28-3* 9-1 0-31 

mean of all 0-30 


* Calculated from lesions at equivalent juice concentration of 1 in 2,000. 
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EXPERIMENTAL RESULTS. 


As explained in the previous section, the variation in the susceptibility of 
the test plants with age of plant made it desirable to use plants of various age 
to establish the basal point of reference. The results are set out in Table 1. 


DISCUSSION. 


A study of the data presented in Tables 1 and 2 and illustrated graphically 
in Fig. 1 leads to the conclusion that the infectivity of the suspension of pure virus 
(PV4) has neither increased nor decreased over a period of twelve years. 

The lesion numbers recorded in column 3 of Table 2 and plotted against time 
of storage in Figure 1A show no differences which can be interpreted as anything 
but differences in susceptibility of the test plants used to measure infectivity. 
The highest number of lesions per half-leaf (58) was, in fact, obtained after 
116 months of storage, and the lowest numbers (8-2 and 7-6) were obtained 
on batch B (Table 1) at the very first inoculation and on the next to last inocula- 
tion respectively. The number of lesions at the last inoculation after 12 years of 
storage (28) happens by chance to be equal to the average of all twenty entries 
in column 3. The graph in Fig. 1A, incidentally, illustrates the extent of the 
variation in susceptibility of plants raised in our glasshouses over a period of 
years. The fact that most of the points lie above the base line (20 lesions) 
indicates that the susceptibility of the original batches of test plants was lower 
than the average of all. However, the extent of the variation in susceptibility 
of the plants is such that small changes in the infectivity could not be detected by 
this method, unsupported by other evidence. All that can be concluded from 
these data is that no large change in infectivity has occurred. 

Fortunately, a much more quantitative analysis is made possible by the use 
of standard solutions of pure virus as the basis of comparisons. The values 
calculated for the concentration of infective virus in PV4 from the ratio of lesions 
produced by PV4 and the standard solution of pure virus (last column of Table 2) 
vary very little about their mean of 0-30 mg. per ml. In Fig. 1B, where the 
calculated concentrations are plotted against time of storage, the dotted line 
represents both the value obtained at the outset and the overall average. No point 
in Fig. 1B departs by more than 0-07 mg. from the mean. This represents a 
maximum deviation of 23 p.c. The standard deviation of the mean is 0-04. 

The first experimental values for the concentration of pure virus in infective 
juice were those published by the author (Best, 1936). The value of 3-0 mg. 
per ml. derived here lies within the range recorded in that paper. (The volume 
of buffer in which the virus was suspended was exactly ten times the volume of 
infective juice from which it was precipitated.) Values published by others 
subsequently confirm these values. In so far as the virus used for preparing the 
standard solutions was isolated and purified by more rigorous methods than those 
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used to prepare the sample under test, it might be argued that the infectivity 
per unit weight may not be the same, and that, therefore, the figure 3-0 may not 
necessarily be correct. This point can only be determined when it is decided to 
sacrifice a considerable amount of the test suspension for a direct analysis. It is 
unlikely that any significant difference would be found, but even if it were, this 
would not affect in any way the validity of the calculated concentration as a 
measure of the constancy of infectivity over a period of time which is the point 
under investigation. 

In this particular test we are not concerned with the weight of virus in the 
solution, but with the problem as to how long a particular sample will maintain 
its infectivity unchanged. 

The data in the last column of Table 2, and Fig. 2B, constitute clear proof 
that this sample of virus has maintained its infectivity unchanged for a period 
of over twelve years. 


SUMMARY. 


‘The infectivity of a sample of pure tobacco mosaic virus prepared from 
infective juice by precipitation at its iso-electric point and suspended in buffer 
solution at pH 4 has been measured over a period of twelve years (1935-1947). 

The infectivity as measured by the number of primary lesions produced 
by a very dilute solution on leaves of Nicotiana glutinosa plants showed no 
significant change over the 12 year period. 

During the last nine and half years of the test, standard inocula of pure 
virus containing 1 X 10-® gm. virus per ml. were also used as an additional and 
more quantitative measure. Values calculated for the concentration of infective 
virus in the test sample vary about a mean of 0-30 mg. per ml. (corresponding to 
an equivalent virus concentration of 3-0 mg. per ml. of original juice). The 
range is from 0-23 to 0-37, and the standard deviation of the mean is 0-04. 

The sample of virus has, therefore, maintained its infectivity unchanged for 
a period of over 12 years. 
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OESTROGENIC ACTION OF EXTRACTS OF SUBTERRANEAN 
CLOVER (T. SUBTERRANEAN L. VAR. DWALGANUP) 


by D. H. CURNOW}?, T. J. ROBINSON? anp E. J. UNDERWOOD’ 


(Accepted for publication, 28th October, 1947.) 


A breeding problem of sheep maintained on pastures dominated by the 
‘‘Dwalganup’’ strain of subterranean clover, first reported by Bennetts (1944), 
was shown by Bennetts, Underwood and Shier (1946) to be characterized by three 
main clinical manifestations: dystocia, uterine prolapse and female infertility. 
These workers reported the frequent occurrence of cystic glandular hyperplasia 
of the endometrium of ewes in ‘‘affected’’ flocks, and they produced similar 
changes in the endometrium of guinea-pigs fed wholly on either fresh green, air- 
dried, or artificially dried clover from an ‘‘affected’’ area. These findings, together 
with the demonstration by Bennetts (1946, 1947) of squamous metaplasia in the 
sex organs of castrated male sheep depastured on ‘‘affected’’ herbage, provided 
strong presumptive evidence of the presence in the clover of a potent oestrogenic 
substance, or its precursor. 

Bennetts et al. (1946) did not, however, notice any abnormalities in the 
oestrous cycle of either the sheep or the guinea-pigs, such as might be expected 
in animals receiving high and regular intakes of a normal oestrogen. It became 
important, therefore, to obtain further evidence as to the oestrogenic nature of 
the potent factor in the clover and its physical and chemical properties, 

The present paper is the first report of this work. Evidence is presented to 
show that there is an oestrogenic factor in early subterranean clover which is 
ether-soluble and active when given by mouth, producing physiological effects 
similar to known oestrogens, namely, (1) early vaginal opening in immature 
mice, (2) vaginal cornification in mice, (3) uterine hypertrophy in mice and 
guinea-pigs, (4) cystic endometrium in guinea-pigs under conditions of longer 
administration. 

Some of the chemical properties of the active compound are also presented. 
Further work on the chemical characterization of the active principle is now 
proceeding and will be published later. 

Considerable progress has also been made in developing an efficient means 
of extracting the activity from plant materials and making accurate assays of 
potency. The results of this work will be published shortly by Robinson (1947). 


1,2 Department of Agriculture, Perth, W.A. 
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MATERIALS AND METHODS. 


Except where otherwise mentioned the clover used was a bulk sample collected from 
property 7. at Beverley. It was collected in late September, 1946, when the plants were still 
green but had practically completed vegetative growth. The sample was then rapidly trans- 
ported to a dehydrator where it was dried at 130° F, under a stream of air for 8 hours, and 
stored in large air-tight tins. 

All ether was dried over CaClo, refluxed for 30 minutes over sodium and freshly distilled. 

Due to the difficulties of obtaining suitable animals the guinea-pigs used for the develop- 
ment of cystic endometrium varied considerably in age and weight. The mice were an inbred 
strain of albinos.4 


EXPERIMENTAL. 


Endometrial Changes in Guinea-pigs fed on Ethyl Ether Extracts of Sub- 
terranean Clover. 


Bennetts et al. (1946) had produced cystic endometrium in entire guinea-pigs 
fed on whole green or dehydrated clover. In view of the solubility of known 
oestrogens in ether, an attempt was made to prepare an ether extract which would 
have a similar effect. 


Two kg. dehydrated clover were ground and extracted with ether for 10 hours in a 
continucus extraction apparatus with a through-put of 2 litres/hour. The ether solution was 
concentrated and stored in a refrigerator. It was administered by evaporating the equivalent 
of 30 gm. of dry clover per guinea-pig per day on a grain ration. 

The clover residues were then extracted by puddling with cold water for 24 hours. The 
extraction was then repeated, the water filtered and concentrated in vacuo to 430 ml, and 
fed to guinea-pigs by drenching at the rate of 7-0 ml. per day, equivalent to 30 gm. of clover 
per animal per day. 

The ether and the water extracted residues were dried and mixed with 10 p.c. butter milk 
and fed ad lib. to guinea-pigs, the intake being equivalent to 14 gm. per animal per day. 

The extracts were fed, at the levels indicated, to groups of four young, mature, entire 
guinea-pigs of mean weight 364, 438 and 419 gm. respectively. 

Daily observations were made: smears were taken from the vagina when open and 
stained with basic fuchsin. 

After a period of 28 days the animals were killed and the uteri excised and placed in 
10 p.c. formalin solution. After primary fixation, portions were taken from the caudal third 
of each horn and the cranial part of the fundus, in which the longitudinal septum still divides 
the fundus into two sections. These are the most sensitive parts, both from our experience 
and that of Dosne (1941). The uteri were fixed in Bouin’s fluid, embedded, sectioned and 
stained with eosin and haematoxylin for histological examination. 


No abnormalities were noted in the oestrous behaviour of any group. The 
uteri of the animals fed on aqueous extract of residues showed no cysts and were 
perfectly normal. 

Those of two of the groups fed on ether extract, however, showed a marked 
cystic glandular hyperplasia. 


4 These were obtained from the Animal Health Research Laboratory, C.S.I.R., Melbourne. 
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Such changes are typical of those produced by prolonged oestrogen admini- 
stration as described by Wolfe et al. (1932), Dessau (1937), Phelps et al. (1938), 
Barks and Overholser (1938), and Nelson (1937, 1939). 

Four control animals fed on a normal, mixed diet showed normal uteri. 


Vaginal and Uterine Changes in Mice fed on Ether Extract of Subterranean 
Clover. 


Surveying the assay methods available and bearing in mind the crude nature 
of the ether extracts which necessitated feeding trials, it seemed likely that the 
best chance of developing an assay method for clover extracts was by measuring 
uterine weight increases rather than vaginal cornification. The preparation of 
a potent ether extract, with consequent elimination of the fibrous material from 
the clover, enabled mice or rats to be used for assay purposes rather than guinea- 
pigs. For a number of reasons it was decided to use mice. Von Haam (1940) and 
Evans et al. (1941) reported the use of increased uterine weight in immature 
entire mice as an assay criterion. Lauson et al. (1939) used immature entire 
rats. Earlier, Bulbring and Burn (1935) and Dorfman et al, (1935) had used 
immature ovariectomized and entire rats respectively. 

The method of Astwood (1938) was considered unsuitable, in view of the 
necessity of giving the extracts by mouth. For the same reason it was deemed 
necessary to use slightly older animals than the young weanlings used by Evans 
et al. (loc. cit.) . The animals were, therefore, ovariectomized before commencing 
the assays. 

For the preliminary trial, 18 young mice were taken, weighing between 9 and 12 gm. and 
25-28 days of age. They were ovariectomized laterally and weighed. Two days later they 
were divided into 3 groups, each of 6 animals, on a weight basis. 


TABLE 1. 
The effect of feeding ether extract of clover to ovariectomized mice. 
Ether 
| Injection extract equivalent 
of -04y oestradiol | to 5 gm. clover per 
Treatment. Control. per day for 4 days. | day fed for 4 days. 
No. of mice 6 6 6 
Period of treatment—days 5 5 5 
Mean weight: ovariect. gm. 10-3 10-9 10-7 
Mean weight: death gm. 12-6 14-2 11-0 
Vaginal opening—percentage 0 100 p.e. 100 p.e. 
Smears—percentage positive 0 100 p.c. 67 p.c. 
Mean uterine weight mg. 4-0 22-0 10-1 
Range 3°2-5-2 18-8-24-8 9-0-11-6 
| | 
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The control group was fed on grain at the rate of 2 gm. per mouse per day. The injected 
group was fed on grain at the same rate and injected daily for 4 days with 0-04y oestradiol 
in 0-1 ml, olive oil. The third group was fed on the same amount of grain on which had been 
evaporated the ether extract of 10 gm. of dry clover per mouse per day. A wilted sample of 
clover from property 7. collected a fortnight later than the bulk sample was used. (This was 
subsequently shown to be of a relative low potency). 

The animals were examined twice daily for vaginal opening and smears were taken when 
opening occurred. 

On the fifth day after the commencement of feeding, the clover fed group was put on 
normal grain and the fellowing day—S days after ovariectomy—all animals were slaughtered 
and the uteri dissected out, fixed in Bouin’s fluid for 24 hours, dried between blotting paper 
and weighed. 

The results are presented in Table 1. 

Sections of vaginae and uteri of animals from each group were made and examined for 
histological changes (Figs. 1-9). 

Unfortunately, in this preliminary trial no attempt was made to measure food residues so 
the actual intake of clover is unknown. However, it was probably of the order of 50 p.c. of 
the 10 gm./mouse/day fed. 


From the results of this experiment it was concluded that: 
The changes induced in young weanling mice by the clover extract and by 
oestradiol were qualitatively the same in regard to: (a) vaginal opening, 
(b) vaginal cornification, and (c) uterine hypertrophy. 

2. The method gave promise of being of value quantitatively. 

3. The oestrogenic potency of clover as measured by these criteria was very low. 


This last point was quite disturbing, since evidence in the field and in the 
laboratory with whole clover indicated a fairly high level of potency of the plant. 
The apparent low oestrogenie activity of extract could be due to one or more of 
a number of reasons, including the following: 


(a) Incomplete extraction. 


(b) Qualitative differences between the potent substance and known oestrogens. 
(c) Destruction during drying and storage. 
(d) Species differences in absorption and utilization. 


Experiments were designed to elucidate these points and will be reported 
later. 


Attempts to Produce Cystic Endometrium in Mice. 


Since sheep in the field and guinea-pigs in the laboratory developed cystic 
endometrium, apparently without noticeable disturbances of the oestrous cycle, 
and in view of the relatively low potency indicated above, it was believed that the 
oestrogenie factor in clover might be more specific in its effects on the uterus than 
a normal oestrogen. 
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Henee, attempts were made to induce cystic endometrium in entire mice, 
fed on a grain ration coated with ether extract of clover. Eight three-months-old 
mice were given ether extract of clover, evaporated on 2 gm. of grain per day, 
at the rate of 3 mg. clover equivalent per mouse per day for 28 days and the 
uteri then examined. Smears were taken daily. 


Fig. 1. Control—Section of uterine horn showing almost a complete absence of muscula- 
ture. X43. 

Fig. 2. Clover extract for 4 days—Section of uterine horn showing a marked increase in 
musculature and in lumen size and a change in the epithelium to a high columnar, X43. 

Fig. 3. Oecestradiol -04 for 4 days—Section of uterine horn showing similar changes to 
those in Fig. 2, but to a greater degree. Also apparent is some vascularization, X43. 

Fig. 4. Control—Section of uterine body, X43. 

Pig. 5. Clover extract—Section of uterine body, «43. 
Fig. 6. Oestradiol—Section of uterine body, 43, 
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On slaughter the uteri were enlarged, but were normal histologically. The 
smears, however, indicated prolonged vaginal cornification, some animals remain- 
ing in oestrus from the third to the twenty-eighth day. 


Fig. 7. Control—Secticn of vagina showing the undifferentiated nature of the tissues, 
x56. 
Fig. 8. Clover extract for 4 days—Section of vagina showing the marked stratification 
and keratinization of the epithelium. Desquamated cornified cells are apparent in the lumen, 
X56. 


Pig. 9. Oestradiol—-04 for 4 days—Section of vagina. Changes similar to those shown 
in Fig. 2 are evidenced, X56. 
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Comparison of Uterine Changes Produced in Guinea-pigs by Oestradiol and 
Subterranean Clover. 


It was important to determine whether a cystic condition of the uterus could 
be developed by a natural oestrogen at the low indicated level of potency of clover 
extract. Ovariectomized guinea-pigs were used and weights of uteri as well as 
histological observations were made. 

Feeding was carried out with whole, dried clover in individual cages to 
determine feed intake. Injections of oestradiol were made once daily in 0-1 ml. 
peanut oil. 

As can be seen in Table 2 the uterine weights of the clover-fed animals were 
of the same order as the guinea-pigs receiving the injections of oestradiol, indicat- 
ing that the potency of the clover was approximately equivalent to the levels 
of oestradiol injected. This latter level was indicated by feeding tests of ether 
extract to mice. 


TABLE 2. 


Uterine weights in ovariectomized guinea-pigs fed whole dried clover. 


| Clover 
Body weight| Uterus weight Cystic intake 
(gm.). 


endometrium. | gm./day. 
| 


| | 
| | 
| 
Treatment. | No. (gm.). 
| 
| 


4-day control 239 339 | 0-238 0 
260 234 | 0-132 0 
| 934 179 0 
| Mean 251 | 0-168 | | 
4 day | 948 243 ~0-334 0 
0-057 oestradiol | 254 | 201 | 0-334 | 0 | 
per GP/day | Mean | 222 | 0-334 | | 
4-day clover 244 | 222 | 6-493 | 0 6-5 
247 | 246 | 0-581 0 11-1 
| 255 | 226 | 0-480 0 12-2 
Mean 231 | O-5I8 | | 
28-day control 236 317 0-222 l +4 
| 246 207 0-106 | + 
| 251 201 0-139 _ 
i Mean | 242 0-156 | | 
28 day | 256 301 0-911 ++ to +++ 
0-1y oestradiol | 245 241 0-836 ++ to +++ 
per GP/day 242 197 0-665 ++ 
j 250 154 0-660 + 
| Mean | 223 0-768 | | 
28-day clover | 243 300 0-390 + | 8-0 
| 259 | 204 0-812 +++ | 14-0 
| 260 ' 219 | 0-803 ++++ | 12-0 
| 11-3 
| 


Mean | 241 «0-668 | 
| | 
vote: 0 = not examined; — = absent; + = present and degree indicated (+ to ++++). 
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In the 28-day test some cystic glands were noted in the uteri of the control 
animals, though the degree of cystic endometrium was much less than in both 
the injected and the clover-fed groups. This makes interpretation of the results 
difficult, but it would appear that there was a somewhat similar response to both 
oestradiol and clover. 


Fractionation of the Ether Extract. 


Using extracts for feeding trials with groups of six immature ovariectomized 
mice by the method described earlier, some progress has been made in the chemical 
fractionation of the active principle. A summary of results is given below: 


1, The oestrogenic factor is not steam volatile. 
2. It will not part into water from ether. 


3. 50 p.c. ethanol/petroleum ether (60°-80° C.) separation leaves the activity 
in the ethanol. 


It cannot be extracted from 20 p.c. NaOH by ether. 


DISCUSSION. 


The most important finding presented above is that potent ether extracts of 
dried clover can be prepared which when fed to young, ovariectomized mice result 
in uterine and vaginal changes qualitatively similar to those induced by the 
natural oestrogen, oestradiol. A point of some significance, however, is that the 
oestrogenic potency obtained was much lower than would be expected from the 
effects of the clover on the grazing sheep. 

A number of possible explanations of this apparent discrepancy can be 
offered. The first and most obvious of these is that there is a loss of potency in 
drying and incomplete extraction with ethyl ether. In other words, only part 
of the total potency has been measured. Watson (1946), using guinea-pigs, has 
already shown some oestrogenic activity in the residues following ether extrac- 
tion. Robinson (1947), using immature mice, has studied this matter further, 
and has obtained marked increases in potency with alternative methods of extrac- 
tion and treatment. The results of this work will be presented in a later 
publication. 

This is obviously of extreme importance, but two further points deserve 
mention. The first of these is that the uterus of the guinea-pig is peculiarly 
sensitive to the development of cysts. This was demonstrated by Wolfe et al. 
(1931, 1932), Barks and Overholser (1938), and others, and is confirmed by our 
work, We have regularly and consistently induced cystic endometrium in guinea- 
pigs fed on whole clover and ether extracts of this clover, while mice fed the same 
materials at the same level of intake per unit body weight have developed no such 
condition. It is possible that the sheep’s uterus is similarly hypersensitive to 
oestrogenic stimulation. 
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The second point concerns the effects of continuous oestrogen intake over 
long periods. Lipshutz and Vargas (1939, 1941) point out the necessity for 
continuous enhanced oestrogen levels for the production of cystic endometrium 
in the guinea-pig. Although the actual level of intake is at present unknown, 
sheep grazing on ‘‘affected’’ pastures would certainly be ingesting a regular and 
continuous supply of oestrogen for a period of some months in the year. This 
would presumably favour the production of such a ‘‘chronic’’ oestrogen effect as 
eystic endometrium. 

To these speculations can be added another possibility, that the digestive 
tracts of the sheep and guinea-pig hydrolyze, or otherwise change the oestrogenic 
factor to a more active form, more efficiently than the mouse. 

Although the active principle is, as far as our evidence goes, qualitatively 
similar in its effects to the natural oestrogens, its chemical nature remains obscure. 
Active investigation of this aspect of the problem is proceeding. A few of its 
known properties are, however, presented without comment. 


SUMMARY. 


Crude ethyl ether extracts have been prepared from artificially dried sub- 
terranean clover (7. subterranean L. var Dwalganup) from a pasture in Western 
Australia on which occurs a breeding problem of sheep characterized by three 
main manifestations: female infertility, dystocia, and uterine prolapse. 


These extracts, when fed to guinea-pigs and mice, produced uterine and 
vaginal changes qualitatively similar to those produced by the injection of a 
known oestrogen, oestradiol. 

The tests indicated a relatively low oestrogenic activity of the extracts. 

Possible reasons for this low potency and its relation to the breeding problem 
in sheep are discussed. 

A few of the known properties of the oestrogenic factor are presented. 

Acknowledgments. The authors wish to express their appreciation to all members of the 
‘*team’’ of workers engaged upon the sheep infertility investigation for their help and advice 
at all times and especially to Mr. A. B. Beck and Dr. H. W. Bennetts who were particularly 
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THE ALKALOIDS OF CRYPTOCARYA PLEUROSPERMA 
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(Accepted for publication, 11th November, 1947.) 


Cryptocarya pleurosperma (Lauraceae) is indigenous to Australia, oceurring 
on the Atherton Tableland, Queensland. It has not been previously examined for 
the presence of alkaloids. Of other Cryptocarya species occurring in Australia, 
alkaloids have been reported in Cryptocarya austral’s (Bancroft, 1887) and 
Cryptocarya triplinervis (Bailey, 1909). The alkaloid of Cryptocarya australis 
was not characterized chemically, but was shown to be a respiratory poison with 
a marked curare-like action. The reference to Cryptocarya triplinervis states 
that a substance similar to curarine is present, but gives no details of its chemistry 
or physiological action. In addition, a suvstance called cryptarine or eryptocarine 
is reported to be present in the seeds of Cryptocarya moschata, occurring in Brazil 
(Merck, 1940), but further references to this have not been obtained. Other 
members of the Lauraceae family have been shown to contain alkaloids of the 
apomorphine group (Henry, 1939). 

This paper deals with the investigation of the bark of Cryptocarya pleuro- 
sperma. The isolation, characterization, and pharmacology of a new alkaloid, 
eryptopleurine, is described. Cryptopleurine crystallizes in short needles, 
M.P. 195-196°. The analytical data of the base indicate the formula Co 4Hoyg03N 
and the presence of three methoxy groups. 

The bulk of the alkaloid of the bark is water soluble and has not been isolated 
in a pure condition. The examination of this alkaloid fraction is being continued. 
Neither eryptopleurine nor the water-soluble alkaloid fraction possesses curare- 
like properties. These are, therefore, distinct from the ill-defined alkaloids 
reported to be present in C. australis and C. triplinervis. 


EXPERIMENTAL. 
The Investigation of the Bark. 


1-5 kg. of finely ground bark was continuously extracted with hot methanol until the 
alkaloid was completely extracted, as indicated by tests with the alkaloid reagents. The 
methanolic extract was concentrated, during the latter stages in vacuo, until in the form of a 
thick syrup. This was thoroughly digested with about three litres of 2 p.c. aqueous hydro- 
ehlorie acid, and the acid extract filtered and rendered alkaline with ammonium carbonate. 


1 Funds for this research were provided by the National Health and Medical Research 
Council. 
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The precipitated alkaloidal material (A) was filtered off, and both the precipitate (A) and 
filtrate (B) extracted with ether to remove eryptopleurine. The combined ethereal extracts, on 
concentration to dryness, yielded crude cryptepleurine as a white microcrystalline powder. This 
was divided into three fractions which were recrystallized to censtant melting point from 
ethanol, methanol, and acetone respectively. 

The ether insoluble fraction of the precipitate (A), although alkaloidal as indicated by 
tests with the alkaloid reagents, was highly resinous and resisted further purification. 

The bulk of the alkaloidal material present in the bark remained in the alkaline aqueous 
filtrate (B) after ether extraction. Its isolation has proved very difficult as a result of the 
presence of a large amount of associated colouring matter, and it has, as yet, only been 
isolated in a crude form. 

The following method, given in brief, 
has yielded the most satisfactory re- 
sults : 


A methanolic concentrate of the bark 
is mixed with lime, thus rendering much 
of the colouring matter water insoluble, 
and the residue extracted with ether to 
remove cryptopleurine and then with 
water to remove the remainder of the 
alkaloid. The aqueous solution, after 
filtration and removal of calcium, is 
fractionally saturated with potassium 
carbonate, and the initial and most 
highly coloured precipitates rejected. 
The final precipitates obtained by com- 
plete saturation with potassium ear- Fig. 1. Cryptopleurine. 187. 
bonate are separated from the solution 
by decantation and dissolved in hot methanol, which on evaporation to dry- 
ness yields the alkaloid as a light brown varnish. 


Cryptopleurine. 


Cryptopleurine separates from acetone, methanol or ethanol in clusters of 
needle-like prisms, melting at 195-196° C.2 (Fig. 1, A). It is very soluble 
in chloroform, and less soluble in ether. In methanol, ethanol, and acetone, it is 
very sparingly soluble in the cold, although considerably more soluble in the 
boiling solvent. It is practically insoluble in water. 


Cryptopleurine and its salts become yellow after considerable exposure to air, Alecholic 
solutions of eryptopleurine become green after considerable boiling or on prolonged standing. 

Molecular weight determinations by the method of Rast (1922) gave the values 365, 380 
and 431. 


On heating in vacuo over phosphorus pentoxide, the crystals from acetone did not lose 
weight, indicating the absence of water of crystallization. 


2 The melting points are uncorrected. 
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Micro analysis of samples dried in vacuv over phosphorus pentoxide at 110° C. for three 
to five hours gave the following results: C, 75-8, 76-2, 76-2, 76-4, 76-5; H, 7-34, 7-58, 7-79, 
7-41, 7-68; N, 3-93. 

A micromethoxy determination by the method of Viebéch and Brecher (1930) gave the 
values 24-1 and 24-2 p.e. 

Co4Hog03N (379°5) requires C, 76-0; H, 7-70; N, 3°69; (OCHg)3, 24-5. A further 
indication that all the oxygen atoms are present in cryptopleurine in methoxyl groups is shown 
by the absence of methylene-dioxy groups, as tested by the method of Labat (1909), and the 


absence of phenolic properties. 


The following salts of eryptopleurine have been prepared : 


The hydrochloride, obtained by passing hydrochloric acid gas through a 
solution of the base in chloroform, separates from aqueous alcohol in long needles, 
melting in the vicinity of 260° C. (Fig. 2, A). It is very sparingly soluble in 
dilute aqueous hydrochloric acid solution. 


Fig. 2a. Cryptopleurine hydrochloride, Fig. 2b. Cryptopleurine picrate, X 137. 
137. 


The hydroiodide, obtained by adding potassium iodide to a solution of the 
crude base in dilute aqueous acid, separates from ethyl acetate in long, slender 
needles, melting at 254-255° C. 

The picrate, obtained by adding picric acid to a solution of the base in dilute 


aqueous acid, separates from ethanol in long needles, melting at 220-221° C. 
(Fig. 2, B). 


The Water-Soluble Alkaloid Fraction. 


This has been isolated as a light brown deliquescent varnish. 
It is extremely soluble in water, less soluble in methanol, ethanol and acetone, 


very slightly soluble in amy] alcohol, and insoluble in chloroform, ether and ethyl 
acetate. 
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In dilute aqueous acid solution it yields heavy precipitates with potassium 
mercuric iodide, iodine in potassium iodide, phosphotungstie acid, phospho- 
molybdie acid, reinecke acid, gold chloride and platinum chloride, The picrate 
and mercuric chloride precipitate from concentrated solutions. 


The Pharmacology of Cryptopleurine. 


Cryptopleurine is extremely toxic. The results of toxicity experiments 
(Table 1) indicate that it is most toxic in rabbits, the L.D.50 of intravenous 
doses being in the vicinity of 1-5 mg./kg. 


TABLE 1. 


| Ratio of 
| Dose | Methed of number of 
Substance. Animal. | mg./kg. application. deathsto L.D. 50. 
| number of 
| animals. 
Cryptopleurine Guinea-pig | 5 Subcutaneous 4:4 
Rat | 5 Oral 0:4 Between 
Mouse | 650 Subcutaneous 4:4 , 2-5and 
| 5 | Subcutaneous | 4:4 | 5 mg. per 
2-5 Subeutaneous 0:4 | kg. 
| | 
Rabbit | 5 Oral 7:7 \ | Between 
| Oral 13:18 2 and 
2 Oral 5:12 3 mg. per 
1-5 Oral 4:16} | kg. 
| 60 Intravenous | 
| 30 Intravenous Approx. 
| 3 =| Intravenous | 4:4 1-5 mg. 
1-5 | Intravenous per kg. 
| | Intravenous 
Cat | 1 Intraperitoneal | 1:1 
Dog | 1-5 | Intraperitoneal | 1:1 
Water— soluble Mouse | 100 Subcutaneous |} 0:5 
alkaloid fraction | 60 Subcutaneous | 0:5 
Rat | Subcutaneous | 0:4 
Rabbit | 20 Intravenous | 0:2 


Cryptopleurine is a powerful skin irritant and vesicant, and its presence 
in the bark renders this also strongly irritant. Tests were carried out on five 
human volunteers, in which solutions of cryptopleurine were applied directly to 
the unbroken skin of the fore or upper arm. In all cases a reaction localized 
to the area of contact was produced. The severity of the reaction varied with 
the amount of alkaloid applied, the general progress of the reaction being as 
follows: 


(1) A delay of approximately twenty-four hours and in some cases of two to 
three days before any noticeable change is observed. 


j 
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(2) An erythema which may persist for several days and which usually consists 
of small patches, with redder patches around the hair follicles. 


(3) Thickening of the skin and formation of fluid pockets in the superficial part. 
This is at first vesicular, followed by confluence of the vesicles to form 
blisters. 


(4) Fading of the skin colour, with disappearance of the thickening, drying up 
of the fluid, and desquamation. The desquamation varies with the stage 
reached—the erythema stage being followed by fine desquamation, the 
vesicular stage by punctate desquamation, and the final or blistering stage by 
desquamation in plaques. 

Three of these volunteers received aqueous solutions of eryptopleurine sulphate varying 
in concentration between 0-1 and 0-3 p.c., and two received 0-3 p.c. solutions of eryptopleurine 
base in chloroform. With the exception of one of the latter volunteers only very small 
amounts were applied by a single application with cotton-wool to about one square inch of the 
forearm. In two eases only the second stage was reached, and in the remainder the reaction 
passed through each stage. 

The exception mentioned above received an amount of about 5 mg. in a 0-2 p.e. 
chloroform solution of the base over a large area of the right forearm and left hand. The 
subsequent reaction on the forearm and hand was most severe and passed through all the 
stages listed. In addition, the reaction appeared on the face about the lips and beneath the 
eyes. It was noticed that no ulceration or secondary infection occurred, even in the most 
intense lesion, and that the blisters, which covered a large area of the right forearm and the 
fingers of the left hand were ‘‘honeycombed,’’ i.e., when cut the fluid oozed out very slowly 
and the blisters would not collapse. Pain was noticed at the blistering stage. The reaction 


on the affected areas was most intense between seven and fourteen days after the application 
of cryptopleurine. 


Several other workers, including the author, have experienced this characteristic skin 
reaction through accidental contact with the bark or the alkaloid. 

The skin reaction without noticeable vesication occurred on the face and feet of all rats 
which received cryptopleurine orally or which were used in feeding experiments. 

As a result of this severe and most unpleasant action of eryptopleurine, the 
use of rubber gloves was found to be essential when handling the alkaloid, with 
additional precautions, gas mask, &c., when handling the finely ground bark. 

An examination of the literature has indicated that skin irritant properties 
are rarely found amongst alkaloids. 

There is no record of an alkaloid with a powerful vesicant action similar to 
that of eryptopleurine. 

In all experimental animals the action of cryptopleurine was slow, usually 
not being manifest before 12 hours. Death usually occurred between 24 and 
48 hours after administration of eryptopleurine. Four mice which received sub- 
cutaneously approximately twenty times the lethal dose, and two rabbits which 
received intravenously thirty and sixty times the lethal dose did not die within 
twelve hours. 


’ 
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Lethal oral and intravenous doses in rabbits invariably produced a marked 
diarrhoea within twelve hours of administration. This occurred also in the cat and 
dog, but was not evident in the mice and rats. 

Rabbits which received lethal doses of crytopleurine orally showed marked 
inflammation of the stomach, but this was not evident after intravenous doses. 
No marked macroscopic changes after oral and intravenous doses could be observed 
in the intestine, liver, kidney, lung, trachea or oesophagus. Microscopic examina- 
tion of the stomach after oral doses showed the presence of small ulcers confined 
to the mucosa, with some necrotic debris on the surface of the ulcers with small 
round cell infiltration extending into the base of the uleer. The intervening 
areas of mucosa between ulcers showed no real departure from the normal. 
Microscopic examination of the intestine after oral doses showed extensive 
desquamation of the mucosa, extending down to the base of the mucosal glands. 
The remnants of the mucosal glands showed necrotie changes with small, round 
cell infiltration in the intervening connective tissue. 

Cryptopleurine does not possess any other marked physiological activity. 

A concentration of 0-05 mg./ml. produces relaxation of the isolated rat's 
intestine and amounts of the order of 10 mg./kg. in anaesthetized cats produces 
a lowering of blood pressure followed by immediate recovery. It has no mydriatic 
or local anaesthetic properties, as indicated by tests with a 1 p.ec. solution on a 
rabbit’s eye. It has no curare-like activity, as indicated by tests with 0-1 p.c. 
solutions on an isolated nerve-muscle preparation of a toad. 


Feeding Experiments with Crytopleurine. 


Some preliminary feeding experiments with cryptopleurine were conducted on 
rats and rabbits. The rats showed considerable aversion to it in mixtures with 
apple, bran, and drinking water. The addition of sugar or glycerol did not'affect 
this aversion, although the rats, apparently by accidental contact with the food, 
developed the previously described inflammation on the face to an extent which 
prevented eating. The rabbits did not show such a marked aversion and, when 


mixtures of eryptopleurine and apple were provided, two of six ate with subsequent 
death. 


The Pharmacology of the Water-Soluble Alkaloid Fraction. 

The pharmacological examination of the water-soluble alkaloid fraction 
indicates that it is physiologically relatively inert. 

It is non-toxic, non-irritant to the skin, and does not possess curare activity. 
Large doses in anaesthetized dogs produce a slight lowering of the blood pressure. 
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SUMMARY. 


A new alkaloid, cryptopleurine, has been isolated from the bark of Crypto- 
carya pleurosperma, 

It is extremely toxic and is a powerful vesicant. 

The bark contains, in addition, a water-soluble alkaloid fraction which does 
not possess marked physiological activity. 
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STUDIES IN THE METABOLISM OF PLANT CELLS 
6. SALT RESPIRATION AND ACCUMULATION IN BARLEY ROOTS. 


by J. MILTHORPE! anp R. N. ROBERTSON? 
(From the Botany School, University of Sydney). 


(Accepted for publication, 17th November, 1947.) 


In earlier publications it has been shown that salt accumulation in storage 
tissue (carrot and beet) is associated with a specific kind of respiration, salt 
respiration, which occurs after neutral salts are applied in solution. This salt 
respiration is inhibited by cyanide, while the respiration in water frequently 
remains unaffected or only partially inhibited (Robertson and Turner, 1945; 
Robertson, Turner and Wilkins, 1947). 

In this paper we present evidence that a similar phenomenon occurs in roots 
of barley. Accumulation in barley roots has been investigated in detail, notably 
by Hoagland and Broyer (1936, 1942), Prevot and Steward (1936), and Machlis 
(1944), but these workers have not emphasized the importance of the salt 
respiration in relation to accumulation. Hoagland and Steward (1939) disagreed 
with the emphasis given to salt (or anion) respiration by Lundegardh (1939). On 
the whole our results with carrot and beet are similar to those of Lundegardh 
(1940, 1945) with wheat roots. Since our methods are somewhat different from 
those of Hoagland and his collaborators, it seemed desirable to investigate the 
effects of salts on barley roots, using the methods which we have developed for 
carrot tissue. 

MATERIAL AND METHODS. 
Material. 

Excised roots of barley, Hordeum vulgare var. Pryor, were used. Barley seeds were 
allowed to germinate and then the plants were grown in culture solution as described by 
Hoagland and Broyer (1936) for low-salt shoots. Some plants were grown in a glasshouse 
and others were grown outside. As has been shown by Hoagland and Broyer, the season 
during which the plants are grown has a profound effect on the activity of the excised roots. 
Prior to each experiment, roots were removed from culture solution, rinsed and transferred to 
distilled water. Roots were held in aerated distilled water for a few hours prior to addition of 
salt. 


Measurement of Respiration Rate. 


Respiration rate was measured both by a continuous gas stream technique, for carbon 
dioxide output, and by the standard Warburg technique for oxygen uptake and carbon dioxide 
output. 


1 Formerly research student, Botany School, University of Sydney. 
2 Now Principal Plant Physiologist, C.S.I.R. Division of Food Preservation and Transport, 
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In the former technique, whole roots were immersed in solution (5 gm. roots in 200 ml. 
solution) and aerated with CO -free air. Gas flow at rates varying from 10 litres/hr. to 20 
litres/hr. were tested and produced no differences in respiration rate. 

Because of the advantages of the Warburg technique, it was decided to use this method 
with roots cut into 1 em. lengths and the results discussed were all obtained by this technique. 
A shaking speed of 100 oscillations per minute was found to give satisfactory aeration. The 
mean respiration rate of uncut roots (21 replicates) determined by the gas-stream technique 
was 294-2 mm.3/gm.f.wt./hr. This was not significantly different from the mean respiration 
rate of cut roots (48 replicates) which, determined by the Warburg technique, was 292-8 
mm.3/gm.f.wt./hr. The possibility that there might be a difference in respiration rates in 
water between whole roots and roots cut into 1 em. lengths was further tested in two other 
experiments, and no significant differences were obtained. Results of these experiments are 
given in Table 1. 


TABLE 1. 

| 

| Uncut roots. Cut roots. 

| No.of | Meanrespiration rate | No.of | Mean respiration rate 

Method. | replicates. | mm.3CO./gm.f.wt./hr. | replicates. | mm.3CO2/gm.f.wt./hr. 

| | 
Gas stream 2 182 | 2 | 160 

| | | 
Warburg 6 | 466-6 + 34-0 8 | 425-6 + 48-2 

| | 


It was found that the amount of tissue could be varied from 0-072 gm./ml. of solution to 
0-170 gm./ml. of solution without affecting the respiration rate; 0°50 gm. of tissue in 
solutions of volume 5 ml, was, therefore, chosen as a convenient quantity. In experiments 
where solutions were added from the side arm during the course of a run, the tissue/solution 
ratio was 0-125 gm./ml. before tipping and 0-100 gm./ml. after tipping the solution. 


Absorption of Potassium Chloride. 


In these experiments, only one salt at one concentration (0-01 M KCl) was used. The 
uptake of salt was calculated from the change in conductivity of the external solution. This 
has the advantage, discussed in earlier papers, of eliminating estimation of the amount of 
salt entering by ion exchange. In some experiments, simultaneous estimations by conductivity 
and electrometric titration for chloride were carried out. The chloride method was that 
described by Best (1929). The differcnce in chloride uptake determined by the two methods 
ranged from 0-10-7 p.c., which was within the limits of the accuracy of the titration technique 
for changes of the magnitude observed. The conductivity technique was adopted, and can be 
interpreted as giving an estimate of the rate of chloride uptake. 

To determine the salt uptake, 2-5 gm. of cut roots were placed in 25 ml. of solution in 
50 ml. flasks. These flasks were shaken at the same rate and at the same temperature as the 
replicate samples for respiration determinations in the Warburg vessels. Some loss of electro- 
lyte from the cut roots after immersion in distilled water was observed and measured by the 
conductivity change in the external solution. Potassium chloride was added to this external 
solution in sufficient quantity to make the concentration equal to 0-01 M KCl. Only the salt 
retained in the roots was measured; no estimate of any absorbed, translocated and returned to 
the solution at the cut ends, was obtained. 

Each experiment was carried out at constant temperature. 
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RESULTS. 
The Salt Respiration. 


In all experiments the respiration rate of barley roots increased rapidly when 
potassium chloride was added to the water surrounding the tissue. Typical 
results are shown in Fig. 1, where tissues in water (curve A, average of 6 repli- 
eates) and tissues to which 0-01 M KCl was added (curve B, average of 10 repli- 
cates) can be compared. The increased respiration amounted to about 28 p.e. 
of the respiration in water. 
The form of the curve after 500° 
salt is added is very similar : 
to that shown by beet and 
carrot tissues, and the half- a | 
time for the effect to reach —e 
its maximum is of the same ne | - 
order (15-30 minutes). 

Once the maximum rate 

drift is similar to that of 9 
the control. The respira- 

tion rate of tissue in Fig. 1. Respiration rates in water, salt solution and 


luti 1 i time. 

glucose solution, which is sugar solu on plotted against time 
é . A composite graph, based on the average results of 
greater than that in water, several experiments. Curve A, roots in water (average 


v0 0. 


O, UPTAKE som. Fw 


increased on the addition 
of potassium chloride 
(curve C, average of 
9 replicates). 


of 6 replicates); Curve B, roots initially in water, sub- 
sequently in 0-01 M KCl (average of 10 replicates) ; 
Curve C, roots initially in water, subsequently in 2 p.c. 
glucose and later in 0-01 M KCl and glucose (average 
of 9 replicates); Curve D, roots initially in water, sub- 
sequently in 2 p.c. glucose. 


The Sugar Respiration. 


Addition of 2 p.c. glucose to the medium around the roots gave considerable 
inerease in the respiration rate (curve D, average of 7 replicates). This increase 
in rate, which ranged from 22 to 28 p.c. in different experiments, probably 
indicates that the tissue was low in substrate for enzymes capable of utilizing 
glucose in respiration. A stimulatory effect of glucose has been observed by 
Lundegardh and Burstrém (1944) in wheat roots. Addition of potassium 
chloride subsequently gives a further increase in rate of the same order of 
magnitude as the increase when potassium chloride is added to tissue in water. 
This observation is also consistent with that of Lundegardh and Burstrém. 


The Respiratory Quotient. 


The respiratory quotient was found experimentally to vary between 0-87 
and 1-05 for the sets of tissue investigated. Neither the addition of 0-01 M KCl 
nor the addition of 2 p.c. glucose significantly altered the value of the respiratory 
quotient. 
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The Effect of Cyanide on Respiration. 


In all experiments, potassium cyanide (0-001 M) had an inhibitory effect, 
not only on the salt respiration, but also on the sugar respiration and on part of 
the respiration in water. A typical experiment at 25-6° C. is illustrated in Fig. 2. 
In this respect, the root tissue resembles beet tissue, where it was usual to find 
that the respiration in water was partially sensitive to cyanide, This observation 
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Fig. 2. Respiration rates in water, salt solution, sugar solution and potassium cyanide 
solution plotted against time. 


Open squares, control in water; crosses, roots in water, later in 0-001 M KCN; open 
triangle, inverted triangle, solid triangle, roots in water, later receiving KCl, and later 
(in solid and inverted triangles) receiving KCN; open circle, solid circle, roots in water, 
later receiving glucose, later KCl, and later (in solid circle) receiving KCN. 


agrees with those of Machlis (1944), who found that cyanide at higher concentra- 
tions inhibited about 60 p.c. of the total respiration in barley roots, and with those 
of Lundegardh on wheat roots. Lundegardh found that the respiration in water 
was greater by about 30 p.c. than the ground or cyanide-insensitive respiration. 
In the barley roots used in these experiments, the cyanide inhibited about 60 p.c. 
of the respiration in water. It is significant that the absence of cyanide sensitivity 
in respiration in water has been observed only in carrot tissue or beet tissue 
which has been washed for a long period (Robertson and Turner, 1945; Robertson, 
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Turner and Wilkins, 1947). Lundegardh has suggested that the cyanide-sensitive 
respiration which persists in water represents an ‘‘idling’’ salt respiration which 
prevents leakage of ions to the exterior. This will be discussed later. 


The Absorption of Electrolyte. 


Initial uptake. As in carrot and beet there is, during the early period, a 
rapid entry of salt which is completed well within an hour (Fig. 3). The volume 
of tissue in these replicates can be taken as equal to the weight and is therefore 
2-5ml. A volume of tissue of 2:5 ml. in 25 ml. of solution would give a dilution 
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os Fig. 4. Amount of potassium chloride absorbed, 
plotted against time to show the effect of potas- 
HOURS sium cyanide. 

Solid circle, roots in 0-01 M KCl; open circle 
of potassium chloride —ryots in 0-01 M KCl, later receiving 0-001 M 
absorbed plotted against time. KCN; open triangle, roots in 0-01 M KCl and 

Circles, roots in 0-C1 M KCl; crosses, 2 p.c. glucose; solid triangle, roots in 0-01 M KCl 
roots in 0-01 M KCl and 2 p.c. glucose. and 2 p.c. glucose, later receiving 0-001 M KCN. 


of 9-1 p.c. If, therefore, diffusion of salt takes place rapidly until equality of 
concentration is attained in solution and tissue, the concentration in the external 
solution should fall by 9-1 p.c. of 0-01 M, which in 25 ml. of solution containing 
2-5 gm. of tissue, would correspond to an uptake of 0-91 « 10-® gm. mol./gm. 
This agrees reasonably with the extrapolations of the uptake curves, which give 
values of approximately 1-1  10-° gm. mol./gm. for the initial uptake. As 
shown in Fig. 3, this equilibration occurs with a half-time of a few minutes, after 
which accumulation against the concentration gradient continues. This initial 
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uptake has been interpreted provisionally as the entry of ions during the period 
when the concentration gradient is inward and therefore no energy expenditure 
on the part of the cell is necessary. Apparently, however, this entry, at least 
in barley roots, may not be inward movement of electrolyte by simple diffusion, 
for, as shown by Hoagland and Broyer (1942) with higher external concentration 
(0-05 M), equality of concentration in tissue and solution is not attained under 
many hours. Further, equality is not reached under anaerobic conditions. These 
observations would suggest that an active transport mechanism is concerned even 
in the initial uptake, but more investigation of this phenomenon is necessary. 
Accumulation. Accumulation rates from 0-01 M KCl are of the same order 
of magnitude in carrot, beet and barley roots (Table 2), and in all three tissues, 
the accumulation curve approximates to the linear over the short period of the 
_ salt accumulation 
experiment. The ratio, —___—_—--..—— (both in gm. mol.), is 1-29, and is of the 
salt respiration 
same order of magnitude as in other tissues at this concentration. 


TABLE 2. 
Rates of accumulation from 0-01 M KCl. 


Accumulation 
Tissue. No. of observations. rate gm.mol./gm.f.wt./hr. 
Carrot * 3 0-36 X 10-5 
Beet t 0-24 10-5 
Barley 10 0°45 xX 10-5 
‘ * Robertson and Turner, 1945. t Robertson, Turner and Wilkins, 1947. 


Effect of Sugar on Accumulation. 


Addition of glucose to the potassium chloride solution has no significant 
effect on the accumulation rate (Fig. 3), in spite of the marked influence of 
glucose on respiration and the cyanide-sensitivity of the sugar-stimulated respira- 
tion. Lundegardh observed that in wheat roots, the increased respiration due to 
glucose was not accompanied by increased accumulation of salts from dilute 
solutions. With carrot tissue, it has been shown recently that it is frequently 
necessary to raise the concentration of the external solution above 0-06 M before 
the rate of accumulation ceases to be limited by the salt concentration, although 
the respiration rate reaches its maximum at much lower concentrations (Robertson 
and Wilkins, 1948). In the experiments with barley roots, salt concentration was 
possibly limiting accumulation so that addition of glucose could not increase the 
rate. For this reason, the relation of accumulation to respiration in glucose 
cannot be obtained from these data. 
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Effect of Cyanide on Accumulation. 


The results given in Fig. 4 show that the accumulation process ceases in 
0-001 M KCN. This cessation of accumulation appears to be followed by some 
loss from the tissue, since the external conductivity increases with time. Whether 
this was due to leakage from individual absorbing cells or leakage from vascular 
tissue at the cut ends of the root was not determined. 


Conditions of Growth. 


Experiments showed that there were considerable differences associated with 
the season of growth. Spring roots accumulated KCl to concentrations equal to 
eight times the external concentration and were still accumulating actively 
20 hours after excision. Summer and winter roots accumulated much less actively, 
attaining concentrations only 2-5 times those of the external solutions and accumu- 
lating actively only for 6-7 hours. Observations on the capacity of roots for 
absorption agreed with those detailed by Hoagland and Broyer (1936) in showing 
the importance of the salt status of the tissues. To obtain good accumulation 
rates it was necessary to follow the method of Hoagland and Broyer to obtain 
“‘low salt’’ roots. 


DISCUSSION. 


The results, considered in relation to earlier work, indicate that carrot and 
beet storage tissue and barley roots are broadly similar in their power of aceumu- 
lating ions and that the mechanism has features in common. 

The respiration in all three tissues is increased on transfer from water to 
salt solution, the new rate being established very quickly, with half-times of the 
order of 15-30 minutes. 

In all three tissues, there is a rapid uptake of potassium chloride within the 
first 15 minutes. This rapid uptake appears to be associated with concentration 
adjustments within and without the tissue. Following this, all tissues accumulate 
the salt against the concentration gradient, the increased respiration being 
maintained. 

In all three tissues, salt respiration and accumulation are inhibited by 
0-001 M KCN. After inhibition, salt previously accumulated does not appear to 
be lost from the tissue in carrot and beet but it may leak slowly from barley 
tissue. 

The three tissues provide an interesting series in their behaviour to cyanide 
as an inhibitor. In well-washed carrot tissue the inhibition by KCN affects only 
the salt respiration. In beet it is more difficult to obtain tissue in which the 
respiration in water is cyanide-insensitive. In barley roots and in wheat roots 
(Lundegardh, 1940) the respiration in water is apparently always partially 
sensitive to cyanide. Robertson and Thorn (1945) have demonstrated that, once 
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established, salt respiration takes a long time to disappear when carrot tissue is 
transferred from salt to water; it is possible that salt respiration stimulated by 
the culture solution persists in roots for the experimental period which follows 
excision. The comparatively rapid decrease in activity of excised roots precludes 
prolonged washing techniques which can be used with storage tissue. Lundegardh 
(1940) has suggested that the respiration in water includes an ‘‘idling’’ salt 
respiration which reaccumulates the ions tending to leak from the cell. The 
observation that the cyanide inhibition of respiration in our experiments was 
accompanied by a rising external conductivity would be consistent with such a 
view. Further, Machlis (1944) has shown that very low concentrations of 
cyanide seemed to cause ‘‘a disproportionately high inhibition of accumulation,”’ 
compared with the inhibition of total respiration, and has suggested that cyanide 
might have some direct effect on accumulation apart from its effect on the oxidase 
systems. This also is possibly associated with an undetected cyanide-sensitive 
respiration necessary for maintenance of the cell salt content. The accumulation 
of added salt is probably a function of the salt respiration (which we define as 
the additional respiration due to the salt). Since this salt respiration is only a 
small fraction of the total respiration, accumulation would cease with only a 
small fractional inhibition of total respiration. 

The observation that loss of solute occurs more readily in roots than in storage 
tissue may be associated with the differing functions of the two tissues. Root 
tissue normally functions by secreting salts into a central region (the xylem) 
from which they would, in excised experimental material, return to the external 
solution. If this occurs when the roots are in water, the cyanide-sensitive respira- 
tion would be associated with the reaccumulation of ions which had actually been 
lost to the external solution. This would be consistent with our observation that 
the conductivity of water in contact with barley roots frequently increased and 
contrasts with what happens in storage tissue where the conductivity of the 
external solution decreases; here possibly the idling respiration is concerned in 
the uptake of ions leaking only slowly so that no substantial proportion reaches 
the external solution. 

The salt stimulation of the respiration in the tissues of carrot, beet, barley 
and wheat raises the problem of how the salt can stimulate the cytochrome-oxidase 
respiratory system ; the general biological interest of the problem and its similarity 
to certain observations in animal physiology has been the subject of previous 
comment (Robertson and Turner, 1945). That the accumulation and respiration 
in such different tissues are so similar gives promise of some generally applicable 
hypothesis. A good working hypothesis has been outlined by Lundegardh (1940, 
1945, 1947) and is supported by quantitative data from a number of tissues. 
This is discussed fully elsewhere (Robertson and Wilkins, 1948). 
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SUMMARY. 


The effects of dilute potassium chloride, glucose and potassium cyanide 
solutions upon the respiration and ion uptake of barley roots have been investi- 
gated. It is shown that the effects are very similar to those already described for 
carrot and beet tissues. All three tissues have similar power of accumulating 
salt and show salt respirations which are stimulated rapidly after the addition of 
salt and which are cyanide-sensitive. 
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